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BAY OF BENGAL EROSION--Chittagong, June 14=-About 600 acres of land along 
the coastal belt of Chittagong city had been devoured by erosion during 
last three years. According to the engineers of Coastal Embankment Pro- 
ject, the erosion is now taking a serious turn particularly between Kattali 
Union of Double mooring Thana and Kumira Union of Satkania Thana under this 
belt. The Bay of Bengal is engulfing the land at an average rate of 60 
feet per month. This unabated erosion caused the expansion of the Bay of 
Bengal up to Chittagong-Dacca Trunk Road and Chittagong-Dacca railway 
lines. The village Sonalchari under Samilpur Union is now within half 

a mile of the sea. The erosion threatened the very existence of many 
mills and industries along this coast the industrial units include some 
jute mills. The Water Development Board has worked out a Taka 80 crore 
project for protecting the coastal belt between Patenga and Kumira from 
erosion. The works under the project have not yet started. [Text] 

[Dacca THE BANGLADESH OBSERVER in English 15 Jun 80 p 1] 
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ENVIRONMENTAL PROTECTION NEEDED FOR NATIONAL GROWTH 


Calcutta THE STATESMAN in English 16 Jun 80 p 13 


[Article by Achy.tananda De) 


(Text } 


VV titer mankind’ Human 
civilization cannot endure 
long Uf the reckless sxDloilation 
of “atural resources continues un- 
abated, Man ia desirosing ‘ature’s 
gsounty indiserimetely to meet his 
increasing recuiremenis and in 
the process digging his own grave. 
This must stop. 


it is natural for a @ ne 
country to plan for Bn it» 
dustrial and) = agricultural output. 
jut the prime consia.*ation ¢ 
b: a mutually harmonious relatior- 
“ip with the physical environment 
whch must sot be slowed to be 
polluted of Soisoned. The root 
caute of environmental pro is 
the lation «= explosion, which 
has brought in its wake an ac 
celerated = rate of economic 
growth: that means an ever in- 
ms gg SR 
materials to . 
sumed and finally disvosed cf 

Accordin to the Botanical 
Survey of Andia the existence of 

the world’s plants 

is In ttopardy becuse of “he dis 
‘urbanees’ in the = environment 
The increasing amounts of man- 
made chemicals beinz introduced 
in the environment have already 
caused) unprecedent:d  harmfu! 
effects. Some 4 million such che 
micals are there and ‘evers!l hun. 
dred more new chemicals are be 
ing added every year. 


Industrialization may Se neces 
sary to generate more employ: 
ment bv this should sot be done 
at the cost of Nature. Discussions 
on the world conservation s:rate 
in Dethi early this vear hi¢ 
‘Ighted the fact that preservation 
of the lity of the bins~here | 
not t the nodernization re- 
qui all-round improvemen! 
in living standards. 


According to ecologists ae 
to nesta of the world’s arable 
lane will be destroved in the neat 

years if the current rate of 
‘and deqredation cortinuce” in 
the case of india, of °3 million oq 
x lometres, 1.4 milion are subj ¢: 
‘o *evere soil erosion while an 
additional 270000 «@ ikem are ad- 
versely affected bv food. salinity 
and alkalinity. 


Since Independence india has 
fost 410 million hectares of forest 
‘and. Even the developed coun- 
tries do not reeist the temotation 
of being nockless with Nature, 
According to the wor'd conserva 
tion strategy report. 27.000 Slant 
species and more than 1.000 vere. 
brate especies are threatened with 
extinction Argely ‘hrough destruc- 
tion of their habitat. 


That apart. the growing threat 
of air and water pollution as a 
result of the fast peer of indus 
‘ria ization will b> imperilling our 
future if we do not initiate a pro- 
qromme on 4 warfoot'ne to pro- 
‘ect the environment from the 
consequences of our action. Our 
waterways will continue to be 
Doisoned until foc'ories are forced 
to instal water-treatment plants. 


Towards the end of this decade. 
India will have to provide the 
n tties of life for some #00 
mill'vn and 500 = milion 


almost a!) the main rivers 5 
India. including the Ganga and 
Yamuna have been polluted by 
industrial waste 


All thes: rivers provide not 
omy drinking water but also water 
for urrigation purposes. 
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Third World are not served == by 
fy re@ular water supply evetem. 
ven Delhi faces a water provie),. 
‘very summer same nay ve 
id of many State capitals = lel 
aeone small towne and villages. 
Caronle respirato troubles are 
much higher in Caleutta where the 
ar thiek with industrial aule 
mobile ard Gomestie emit ‘ 
whieh contribute 6 nes of 
oolutante every day. e ‘alor 
agente of pollution are carbon 
suip 


monowide. rdionide vitro. 
jen dias hydro-carhone = and 
euso- particulate matter 


whieh been igen'iea s ‘the 
“inal? largest culprit contributing 
seer mates tonnes a dav to 
‘he dally sellution of metric 
tonnes,” 


The of these = parth 
culates is mainiv due to the heavy 
consumution uf low-grade coal by 
domestic and induttrias consumers 

ute of soft come in the i'aht 
ing of domestic firea is in itself 
malor problem and contribyses 
"8 tonnes of polletanis daily The 
dente emoke from there “chulas” 
tottle over 4 | ik a oe 
very rning afd evening. ° 
songal Smoke Nulsanee Act. which 
hat n in vogue since 1905 is 
outdated and no attemote have 
been made to un<iote it. Its scone 
shoulé pe enlarged to the extent 
requi 


The highest emistion is by che. 
mice | ustries according to a 
NEERI study of 81 chemical units 
which emit neariy tonnes of 
pollutants a day. That the Govern. 
ment is alive to the danger of 
pollution is evident from the let- 
ter the Prime “linister has rec n:. 
lv sent to all States impressing 
the neccsti.y of “*ro- 


gnee Agriculture Minister he 


Government's deter- 
mination to care for forests, 








INDIA 


BRIEFS 


HOOGHLY SALINITY DOUBLES=-Calcutta, June 14=-Steep rise in salinity of the 
Hooghly waters has posed a problem for the Haldia Development Board, It 
is locving for alternative source of drinking water. Salinity has almost 
doubled, according to an official spokesman. It was 2500 PPM at Geonkhali 
point and has now risen to 5,000 PPM. The abnormal rise in salinity in 
the Hooghly waters said to have been caused by the reduced discharge of 
headwaters at Farakka. [Text] [New Delhi PATRIOT in English 15 Jun 80 


p 5) 
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PROPLE'S REPUBLIC OF CHINA 


POLLUTION PROBLEM IN GUANGZHOU ReSIDENTIAL AREA REPORTED 
Guangzhou NANPANG RIBAO in Chinese 4 Jul 80 p 1 


[Letter to the Editor from Residents at 81 Martyre Road, Guangehou City: 
"Dongshan District Poundry No 2 Should Eliminate Pollution Immediately" |] 


[Text] Dear Editor: 


We are workers of the Guangzhou Inetitute of Electronic Technology under 
the Chinese Academ of Sciences. Near our residential quarters, large 
quantities of wast fumes, waste gases and loud noises are produced by 
Dongshan District Foundry No 2 during production hours, seriously polluting 
the environment and impairing the health of the residents in the neighbor- 
hood, It has become imperative to take remedial measures, 


Because the site of Dongshan District Foundry No 2 is situated right in the 
midst of a residential areawith hospitals, nursuries and research institutes, 
it is not a suitable location for building the plant in the first place. 
Now, thie plant is ever expanding, while dust, coal gas and the dense fumes 
of poisonous substances such as sulphides are being diffused all over the 
area. The tables and chairs in our dormitories are often covered with black 
dust; the irritant poisonous gases cause people to feel suffocated and 
develop such diseases as laryngitis and bronchitis, Night and day, in all 
three daily shifts, loud noises come from the plant's two cast polishers 
which prevent us from resting at noon and night. Tortured by the noises, 
many comrades suffer from fatigue or fast heart palpitation, and feel 
frustrated ali day long. 


Beginning last year, we contacted the plant many times, hoping that they 
would take effective measures to reduce the smoke, cust and noise pollution. 
At firet, they said: “Don't interfere with us", and “you'll get used to 
it.” Then we were told that they could not afford pollution prevention 
equipment, and had to wait for the money. Thus, the problem still remains 
unsolved today. The air force clinic also failed to convince them, and 

not long ago, they had to move away. Other organizations simply have no 
choice but to grin and bear the frustrating situation of having to have 

to “close the windows in summer to keep out poisonous gases, and put up 
with sleepless nights." 











We are acientifie and technical workers who are anxious to serve the four 
moernigations, But this kind of environment prevents us from studying, 
working and resting, and we are really worried, We hope that concerned 
departments can help us solve the problem, 


Residents of 81 Martyrea Road, Guangehou City 


9119 
cso: 4000 




















PEOPLE'S REPUBLIC OF CHINA 


"RED TIDE’ IN GUANGDONG'S ZHANJIANG BAY REPORTED 
Guangzhou NANFANG RIBAO in Chinese 3 Jun 80 p 2 


[ARticle by Huang Zhimin [7806 2535 3046] and He Shaoying [0146 1421 5391]: 
"Massive ‘Red Tide' Appears in Zhanjiang Bay"| 


[Text] On May 18-24, a massive “red tide” appeared in Zhanjiang Bay. During 
the “red tide” period, variations occurred in the sea water: there wae an 
acute increase of suspended matter accompanied by stale odor, and the number 
of fish and prawns decreased, As ships and boats sailed in the harbor, 

long trails of bubbles measuring 2 nautical miles were left behind in the 
water, and did not disappear (normally, bubbles disappear within 200 meters). 


"Red tide", otherwise known as “scarlet tide", is the result of sea water 
deterioretion and color variations brought about by the large increase of 
phosphorous and oxygen nutrient salts as well as iron and manganese trace 
elements which cause a kind of low class planktons known as mini-column 
algae to reproduce at an abnormally rapid rate, and another group of 
plankton or plants to rapidly die and decay, which is the result of sea 
water pollution, “Red tides” occur mostly in high temperature seasons in 
nearshore bays or land-locked inland seas which do not have adequate water 
exchange. When “red tides" occur, the massive reproduction, death and 
decay of plankton consume the dissolved oxygen contents in the sea water, 
causing 4 grave shortage of oxygen in the sea water. As a result, organic 
substances disintegrate into methane, hydrogen sulfide, etc., which, 
together with the reproduction of poisonous plankton, cause large numbers 
of fish, shellfish, crabs, shrimps, etc. to die of suffocation or poisoning. 
The “red tide” in Zhanjiang was primarily caused by the drainage of large 
quantities of industrial waste water and sewage from civilian homes into 
the sea. It has gained the attention of concerned organizations who are 
already engaged in research on ways of preventing it from happening again. 


9119 
cso: $000 








PROPLE'S REPUBLIC OF CHINA 


BRIEFS 


PAPER FACTORY RECYCLES WASTE=-Situated next to Suzhou's 

tamous Hanshan Temple, the Huasheng Paper Factory used to seriously pollute 
the scenic spot, which not only drew bitter criticiem from the masses, but 
also made foreign guests unhappy. Once, a Japanese friend criticized the 
paper factory for polluting the environment, He changed two sentences in 
a poem "Maple Bridge Evening Lake" by the Tang poet Zhang Ju: “The odorous 
emell of paper comes to the beds at night; so many people can not sleep 

at all." Through one year's effort, the plant finally eliminated the black 
liquid produced from paper production, and used new techniques to recycle 
the wastes liquids, thus achieving encouraging results in pollution control, 
The Huasheng Paper Factory used to discharge 35,000 tons of black liquid 
and other waste liquide each day. To solve the problem, they built a 
caustic soda recycling unit. Ever since it was put into operational mode, 
the equipment has been recycling some 60 tons of caustic soda per month, 
thus providing a preliminary solution to the black liquid pollution problem, 
in coordination with other organizations, they have also succeeded i. 
applying, for the first time, the efflux gas flotation technology in paper 
making production; 2 tons of talcum powder and emall fibers are recycled 
daily, and 2,400 tone of water are purified each day. Now, they have 
reduced the amount of water for paper bleaching from 200 tons to approxi- 
mately 40 tons, thus reaching the country's advanced level. The entire 
plant's daily waste liquid discharge rate has been reduced by 23 percent, 
and the organic conterts in the waste liquids have been reduced from 120 
tons to 40 tons. [Text] [Beijing GONGREN RIBAO in Chinese 12 Jun 80 p 2) 
9119 


IMPROVE PRODUCTION TECHNOLOGY--The Shanghai Dongfent Non-Ferrous Alloy Plant 
has achieved remarkable results in controlling the three wastes through 
technical reforms. Within the short span of 2 years, they have effectively 
controlled cadmium pollution, and promoted the development of production, 
thus increasing the entire plant's production capacity from the annual yield 
of 7,000 tons to over 10,000 tons. The Dongfeng Non-Ferrous Alloy Plant is 
one of Shanghai's largest users of cadmium, As the evaporation temperature 
of cadium is relatively low, large quantities of zinc and cadmium are evapor- 
ated in the process of smelting. As a result, the cadmium contents in the 
air in the workship is 18 times over the national standard, and the cadmium 





10 





contents in the dust is 2,000 times over the national standard, To 
thoroughly eliminate cadmium pollution, the plant started out by improving 
the smelting process; they converted the diesel fuel reverberatory furnace 
into a low frequency induction furnace, thus reducing the furnace temperature 
from 1,200 degrees to below 500 degrees, and effectively controlled 
cadmium evaporation, Over the past year, they also replaced the old iron 
casting moulds with semi-continuous casting machines, and replaced dust 
sweepers with dust=bag collectors, This way, they basically eliminated 
the eamoke and cadmium contaminators from the emelting process, Thanks to 
the improvements made in production technology, the metal consumption rate 
hase dropped 45 kg per ton, the product cost is down 50 yuan per ton, and 
the profit gaine amount to nearly 1 million yuan, [Text] [Beijing 
GONGREN RIBAO in Chinese 12 Jun 80 p 2] 9119 


SMALL TOWN POLLUTION=-With the development of industry, environmental 
pollution caused by industrial waste gases, waste liquids and waste residues 
has also occurred in medium ond emall towns. But the problem has failed to 
gain the attention of concerned leading departments and enterprises. 
Recently, one of our reporters visited Hubei Province where he witnessed 

the serious calamities brought to the people in many towns by the "three 
wastes", In Hubei's Guanghua County, there is a primary school located at 
Laohekou which is confronted by a nitrogen fertilizer plant in the southeast, 
an agricultural chemical plant in the south, and the sulphuric acid workshop 
of a phosporous fertilizer plant in the west. Whenever a wind blows in 

the direction of the school, the people are either suffocated by ammonium 
gas, or covered by a canopy of sulphuric acid smog. The campus is filled 
with poisonous gases. Unable to open their eyes, the teachers and students 
cough without stop, and shed tears. The moment the residents in the neighbor- 
hood spot smoke and dust, both grownups and children cry out: "The smoke 

is here!" and instantly shut the doors. As soon as the smoke and gas clear 
up, some children beat washbasins and shout: “All is well!" In Hubei's 
Huangpo County, four water pools covering 80 mu are contaminated by waste 
water from the tawing process of a leather factory, thus causing a drinking 
water problems for the local peasants who have lodged sharp protests. 
Laoheke and Huangpo County are by no means exceptional cases. We should 
call the attention of concerned parties to take effective measures and 
incorporate the “three wastes" control projects in medium and small towns 
into the overall control plan. This way, che state's “environmental 
protection law" can be enforced in all corners of the country. [Text] 
[Beijing GONGREN RIBAO in Chinese 12 Jun 80 p 2] 9119 
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INDUSTRIAL POLLUTION IN CHAO PHRAYA KILLING MARINE LIFE 


Kathmandu THE RISING NEPAL in English 22 Jul 80 p 3 


(text) Bangkok--Death is threatening thousands of seagulls in the capital 
city and concerned officials say the culprit is pollution, But what is 
worse is the fact that the same threat also hangs over villagers, especially 
children, 


Only 30 kilometres from the heart of this city, no more seagulls except 

for a few can be seen near the mouth of Chao Phraya, the main river which 
runs through Bangkok, The potential extinction of the seagulls is attribu- 
ted by researchers to polluted fish and crustacean which birds feed on near 
the river's mouth, 


According to studies mde by the Environment Research Institute (ERI) of 
Chulalongkorn University, "DDT and other poisonous chemicals in the river 
mouth have caused fragility to seagulls' eggs. The eggs may be broken 
before they are hatched, 


The ERI has found that only three micrograms of poisonous chemicals out 
of one gram of food eaten by a mother seagull can adversely affect its eggs. 


Formerly there were thousands of seagulls at Bangpoo, a nearby village, 
especially during the cold season from November to February, The sea- 
gulls would lay eggs during this time, "Today we see only a few, even 
during the cold season, We don't know why," a Bangpoo fisherman said, 


Researchers could have the anewer--industrial wastes dumped into the river 
mouth have contaminated its marine life which the seagulls eat (fish and 
crustacean), The poisons include DDT, mercury, Lead and cadmium, apart 
from organic wastes discharged by distilleries and beer factories, 


The birds usually follow the boats which dump the wastes into the Gulf of 
Thailand, With their rhythmic wing beats, they swoop innocently down on 
the contaminated food, 











"Someday the Gulf of Thailand would become a pool of dirty water, full of 
pollutants and very few living creatures," saya ERI Director, Dr, Thawees k 
Pivakarn, 


but what ER] researchers 4nd the Office of the National Environment Commis- 
sion tear most is not the extinction of seagulls at Bangpoo but rather the 
effects of pollution on newborn children at the coastal villages near the 
Chao Phraya River's mouth, 


The seagulls’ story is minor when compared to the tragedy two years ago 
in a nearby town of Phrapradaeng in the Gulf province of Samutprakarn, 
A worker's family lost one child from lead poisoning when the father 
unwisely used discarded batteries on a muddy lateral groundway in front 
ot his house, 


iis youngest two-year-old kid vomitted and could not eat after several 
months, Taking the child to a government hospital, a doctor diagnosed it 
as lead poisoning. The child died two days later, 


Similar iilnesses have hit other children and the Interior Ministry has 
long ordered the batteries dug out of the village and dumped far away from 
the community. 


Recently a local feature magazine ran a scoop story on chemical pollution 
from wastes discharged by a caustic soda and a seasoning powder factory 
at Leam Fapha village in the Muang district of the same province, 


"Let's call this village the Village of Chemical Pollution," the reporter 
of the magazine said. Going after the story this reporter found hills of 
chemical wastes left over from caustic soda and seasoning powder production 
processings. 


The companies involved, the Thai Asahi Caustic Soda and the Ajinomoto 
(Thailand), for the past several years have dumped truckloads of their 
wastes into an area where mangrove trees used to grow. They cut down the 
trees and dug ponds for the wastes, The companies hoped that by dumping 
their processing wastes into the ground the danger from industrial pollu- 
tion would be lessened, 


However, when the rains come, polluted water from the dumping sites spills 
over to nearby fish and shrimp farming ponds belonging to villagers. 
Toxic chemical pollutants like mercury, lead or cadmium are then trans- 
mitted to the fish or shrimp ponds and thus enter the food chain, 


The sites where chemical wastes from the two industrial plants are being 
dumped are badly affected, Big and small trees and even weeds at the 
sites have died because of the pollution. 























During the dry season, the dust of chemical wastes would be blown by wind 
into Watlaem School, the only primary school in Laem Fapha village, and 
is inhaled by students as well as teachers, 


"Il have noticed that recently some of my students have shown the symptoms 
of getting too much of the chemical pollutants, They often faint with 
blood from their noses and have become very weak," a teacher of Watlaem 
said, 


Three years ago when the caustic soda and seasoning powder plants started 
dumping their production wastes at Laem Fapha village, the villagers 
launched several protests calling for the companies to move their dumping 
sites elsewhere far away from the village, Their protests were not heeded, 
however, and the authorities involved were unable to protect them, 


"The companies even tried to bribe the villagers by distributing seasoning 


powder tw the inhabitants or buying new uniforms and exercise books for 
the students at Watlaem School," the same teacher said,--(Depthnews) 
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MEXICO 


BANRURAL MANAGER EXPRESSES CONCERN OVER CROPS 
Culiacan EL SOL DE SINALOA in Spanish 9 Jul 80 pp 1, 5 


[Text] The officials of the Rural Credit Bank [BANRURAL] of the North Pacific 
are worried because the rainy season has not yet stabilized, even though 90 
percent of the area, consisting of 82,000 hectares in the municipalities of 
Mocorito, Badiraguato and Culiacan, has now been prepared. 


Engineer Guillermo Kabata Rosas, the local manager of BANRURAL, explained 
yesterday that the scant rainfall that has occurred is not yet insuring 
favorable conditions for the planting in the stormy weather areas. 


He explained that, of the 82,000 hectares programmed, 42,000 are to be used 
for sorghum, 33,000 for corn and 6,000 for sesame seed; for which purpose a 
line of credit totaling 250 million pesos is available. 


He also explained that the stormy weather crop farmers have been given part 
of the credit to prepare the soil and to purchase seed and that everything 
is ready to start the planting as soon as the conditions are present. 


He noted, in addition, that part of tlhe land has been given dry fertilizer, 
and all that is being awaited is for the "land to be accommodating" to begin 
the planting. 


Engineer Kabata Rosas remarked that the technical personnel in the irrigated 
districts have been moved to the stormy weather area to help the farmers 
with technical assistance, from the preparation of the soil to guidance on 
the seed that they should use in each instance. 


Despite the concern that exists among both the farmers and the bank itself, 
engineer Kabata Rosas pointed out that there is confidence that, by 10 July, 
the rainfall in central zone of Sinaloa will be more constant, and 

the planting can begin. He gave a reminder that, last year too, the rain 
was not widespread until 10 July; but that it was lacking at the end, in 
September, causing the agricultural disaster, which it is feared may be 
repeated this time if there is not a regular rainy season. 
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MEXICO 


AGRICULTURAL SITUATION IN CHIHUAHUA CALLED DISASTROUS 
Nuevo Laredo EL MANANA in Spanish 6 Jul 80 p 5 


[Text] Mexico City, 5 Jul (EXCELSIOR)--The head of the Chihuahuan Regional 
Cattlemen's Union, Alfonso Ramos Sanchez, said that, with pastures razed and 
40,000 animals dead, the situation in the state due to the drought is "disas- 
trous,'’ while the damage to agriculture from the same phenomenon in Nuevo 
Leon, Tamaulipas, Aguascalientes, Guerrero and Oaxaca is serious, 


In Chihuahua, it was reported that the situation is critical: During the 
past 24 hours there has been imperceptible rainfall and the temperatures 

continue to be quite high: in Ojinaga, 46 degrees; in Camargo and Ciudad 

Juarez, 40; and in Jimenez, between 38 and 40 degrees. 


The head of the cattlemen, Ramos Sanchez, said that it is pitiful to tour 

the Chihuahua countryside, where there are thousands of dead cattle emitting 
an unbearable odor; and he complained o* the lack of understanding on the part 
of the federal government, which has not granted permits for the exporting of 
yearling bulls, nor for the importing of feed for the herds, something which 
has exacerbated the situation. 


In Nuevo Leon, it was reported that the drought has ravaged agriculture and 
the livestock industry. There is a water shortage in Monterrey, and the hos- 
pitals are treating about 20 children each day for dehydration. The water 
shortage has increased the protests from housewives, especially in the public 
housing developments, where it is needed to meet the most basic needs. 


In Nuevo Laredo, Tamaulipas, it was noted that if there is no rain within a 
few days the stormy weather crops will be lost. According to the report 
submitted by the representative from SARH [Secretariat of Agriculture and 
Water Resources], Jose Carlos Gonzalez, sufficient rainfall to save the 
crops is needed. 


In Aguascalientes, the state agricultural-livestock office authorized the dry 
planting of corn and beans on 116,000 hectares of stormy weatner crop land, 
starting on 10 July. It was admitted that the chances of obtaining a harvest 
have been reduced by the delay in the rainfall in most of the state. 


The public officials decided to authorize the planting, "whether or not there 
is rain," in view of the fact that, on 25 July, the official timetable ex- 
pires, and the crops will subsequently run the risk of the early frosts. 
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MEXICO 


NUEVO LAREDO AREA CORN, SORGHUM CROPS MAY BE LOST 
Nuevo Laredo EL MANANA in Spanish 26 Jun 80 Sec Bp 1 


[Text] A tragic outlook is being discerned by those who planted stormy weather 
crops in the area because, at the moment, they are facing the loss of 50 
percent of the newly sprouted plants; and they report that, if it does not 
rain within 20 days, they will lose the sorghum and corn crops covering 
between 800 and 1,000 hectares. 


The foregoing statement was made by the general secretary of the Fifth Com- 
munal Farm Zone, Francisco Santos Villarreal, who claimed that every day the 
situation is becoming more critical in the countryside owing to the lack of 
rain and the tremendous heat wave that is being experienced. 


According to the head of the farmers, tl.» little water which the soil 
received from the precipitation at the end of May has vanished, and this 
is why at present 50 percent of the plants that have been sown on the 
stormy weather areas exposed to the rain have been lost, 


Santos Villarreal declared that if there is no rainfall within the next 20 
days, the effort, money and labor of the communal farmers of the region will 
be wasted. Upon testing the moisture that their land received at first, they 
immediately began planting seed in the furrows in the hope of growing a crop. 


Yesterday, an official spokesman from the Secretariat of Agriculture and Water 
Resources stated that there has also been a tendency on the part of the gov- 
ernment of the republic to raise the guarantee prices of basic products, in 
order to foster an increase in the crops, especially the corn, beans and 
wheat. 


It is planned to promote the basic crops needed by the population in a number 
of different ways, and the Secretariat of Agriculture and Water Resources 
(SARH) will definitely participate therein. 


Noteworthy among the SARH's immediate plans is artificial rain resulting from 
the seeding of clouds with silver nitrate. The secretariat's spokesman said 
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that experiments with this rain are being conducted in the Rio Bravo region 
in Tamaulipas with good results. He noted that the government is attempt- 
ing to assist the rural productive sector with programs involving large 
investments, so as thereby to alleviate the critical situation which prevails 
there, 


He also disclosed that Nuevo Laredo's weather problems stem from the fact 
that it is contained in a desert area and, consequently, there is little 
rain, 
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MEXICO 


AGRARLAN REFORM AGENT SEES LATE CROP PLANTING JEOPARDIZED 
Nuevo Laredo EL DIARIO DE NUEVO LAREDO in Spanish 5 Jul 80 Sec Bp 1 


[Text] The few crops planted in this region based on stormy weather rainfall 
are entering their critical stage, because, if there is not a considerable 
amount of precipitation in the countryside, ali hope of a late crop planting 
will be lost. 


This statement was made to our reporter by the regional agrarian reform agent, 
Jose Carlos Gonzalez, who added that the second half of July is the period 
when the soil should receive considerable rainfall in order to make a late 
crop planting feasible. 


The agrarian reform official noted that there must be an average rainfall 
of 3 inches per day over a period of about 15 days in order to warrant any 
hope of a remarkable change in the situation of the rural areas. 


Such precipitation would remedy the situation for a long period of time, 
because less rain would not benefit anyone, since the process of evaporation 
of the soil during this season is five tenths of an inch per day. 


In order for the soil to be provided with moisturs and for conditions to be 
propitious for planting, a considerable volume of water must be out of reach 
of evaporation; in other words, accumulations of moisture caused only by 
long rainy seasons. 


In conclusion, Carlos Gonzalez said that next week and the last part of July 
will be the keys to the future of the Mexican countryside in this region; 
because, if there is not abundant rainfall then, or within the next 21 days, 
the farms who risk the stormy weather late crop planting may have no hope 

of doing so. 
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MEXICO 


CATTLEMEN BLAME CONASUPO MISMANAGEMENT FOR LOSSES 
Nuevo Laredo EL MANANA in Spanish 4 Jul 80 Sec A p 5 


[Text] Mexico City, 3 Jul (TIP-CISA)=-The National Cattlemen's Association 
stated today that the drought in Mexico has caused cattle raisers to lose 
320 million pesos spent on daily feed for the livestock. 


Arturo de la Garza, national head of the cattlemen, sai! that the drought is 
affecting them "because we have to spend 10 pesos per day for each of the 32 
million head of cattle that we have, to give them better feed." 


He added that, "These supplements must be made because the Government Basic 
Commodities Company [CONASUPO] has failed in the purchase and supply of sor- 
ghum." 


The 500,000 cattlemen affiliated with the confederaticn have reported to 
Arturo de la Garza the existence of surplus beef production. 


He said, "We also have overproduction of poultry, which causes the prices to 
drop," admitting that milk, beef and egg prices are stili rising, “owing to 
the inflationary spiral affecting the country." 


He subsequently stressed that eggs, for example, “were priced at 9 pesos the 
week before last, which is 10 pesos under the official price," and noted that 
the consumer is still receiving the item for 22 pesos. 


To che cattlemen's leader, the explanation for this situation lies in the 
poor “organization” and poor "marketing system in Mexico.” 


The leader emphasized that the problem will worsen “when the industry's capital 
becomes depleted because it fails to receive the necessary incentives." He 
stressed that the surplus production of beef and eggs does not mean that 
they have not been hurt by the intense drought experienced in the country 
and that, on the contrary, its results will soon be evident. 


According to the cattle association official, the situation is not the same 
in pork production, which has declined 33 percent. 
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The blame for the aforementioned problem was again directed at CONASUP), for 


not supplying sorghum nor giving assurance that the grain supply would become 
normalised, 


On the subject of the cuts in electric power ordered by the Federal Electri- 
city Commission, for the purpose of saving 13.5 million kilowatts, he said: 


"That has not affected us, It is all a matter of scheduling the orders, so 
as to prevent 4 etandstill when the cut in power is made," 
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MEXICO 


NUEVO LAREDO AREA CATTLEMEN REPORT LOSSES 
Nuevo Laredo EL, DIARIO DE NUEVO LAREDO in Spanish 5 Jul 80 Sec Bp 1 


[Text] The situation in the rural areas resulting from the dearth of rainfall 
(which has lasted for over a year) has been described as critical by the 
region's cattle raisers, who claim that, if it continues, very urgent mea- 
sures will have to be adopted to prevent the complete decimation of the live- 
stock. 





In an interview held at noon yesterday with Mr Raymundo Rios Mayo (manager of 
the local cattlemen's union), he reported to EL DIARIO that, according to the 
statistics that have been recorded, about 1,500 head of cattle have perished 
to date, 


Mr Rios Mayo said: "When we consider the fact that the drought has lasted 
for more thar a year the statistics show that the situation is far more cri- 
ticel than in previous years;" adding that, in view of these circumstances, 
the local cattlemen's union has found it necessary to seek 4 speedup in the 
permits for importing feed supplements for the herds. 


Mr Rios Mayo noted that, because of the forage shortage due to lack of water, 
the cattlemen are concerned with obtaining imported fodder so as to keep 
their animals surviving, particularly the breeding cows and bulls. 


Every day, the cattle raisers report to the local cattlemen's union on the 
situation in their surmer pastures. The water shortage is causing deaths 
among the bovine herds. Some animals succumb for lack of feed, and others 
are in danger of dying because they have already begun showing signs of 
organic deficiencics. 


It Has Rained, But Not Enough 


The statistics gathered by the local cattlemen's union indicate that the rain- 
fall in the region has been scant since June of last year. 


Raymundo Rios Mayo declared: “Although it is true that it has rained in some 
areas, the water has not been at all sufficient to alleviate the situation." 
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The rainfall has been Light, and has not benefited the agricultural and live- 
stock sector at ally therefore, the situation is becoming critical, especial- 
ly for the cattlemen who are watching their animale die with great concern, 


in addition to the lack of water and forage, the bovine herds are exposed to 
high temperatures, which are reaching ae much as 45 degrees centigrade on 


the thermometers at present, 
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MEX LCO 


CATTLEMEN SEEK MEAT EXPORTS, FEED IMPORTS 
Ciudad Juarez EL FRONTERIZO in Spanish 10 Jul 80 pp 1, 10 


[Text] Mexico City, 9 Jul (OEM)=-The longest drought in recent decades has 
struck 10 million head of cattle in the north. To date, it has caused the 
death of 100,000 animals in Chihuahua and 30,000 in Sonora, as well as losses 
in excess of a billion pesos. 


In view of this situation, the board of directors of the National Cattlemen's 
Association has requested of the Secretariat of Agriculture and Water Resour- 
ces permission to slaughter surplus thin livestock for export to the United 
States, and to export boned meat, as well as to import feed and forage, so 
that the livestock will not continue to die. 


Yesterday afternoon, the head of the CNG, Arturo de la Garza, announced: 
"Because of the delay in the rain, the situation is critical in Chihuahua, 
Sonora, Zacatecas, Coahuila, Nuevo Leon and Tamaulipas. In addition to the 
delay in the precipitation, it has only occurred in very limited areas." 


At the moment, Chihuahua is the state with the most serious problems result- 
ing from lack of rain. To date, 100,000 cattle have died, and in Sonora the 
total is W#,000. The economic losses easily exceed a billion pesos. 


Because of the lack of pasturage and forage, the cattlemen are also faced 
with the problem of keeping the breeding ranches in operation: There are 
10 million head, for which 10 billion additional pesos have already been 
spent, with a view to reducing the national cattle inventory, which 

is currently 32 million head. This money has been obtained through loans 
from private and government banks. 


The CNG head stated: "To solve this problem, we are asking the pertinent 
authorities to allow the slaughter of surplus thin cattle which are most 
likely to die from lack of feed, and to market it in the United States. 


Why is this type of lean meat not sold on the domestic market at low 


prices? The answer from the leader of the country's 360,000 organized cat- 
tle raisers was: 
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"The domestic market is saturated with meat from fattened cattle, It is not 
true that there is no meat on the iron hooks, because in the Sonora cattle 
pens alone there are currently 150,000 head of fattened cattle, There are 
also cattle pens in Coahuila, Chihuahua, Durango and North Veracruz, Every 
day, animale arrive in the Pederal District from Tabasco, Michoacan, Vera- 
crus, Chiapas, Campeche, Nayarit and the San Luis Potosi Huasteca region, 

A total of 760,000 animals per year are fattened to meet the demand in Mexico 
City alone," 


For thie reason, he said, there is no market for that type of boned meat 
which, on the other hand, is in great demand in the United States for making 
hamburger. 


in conclusion, he remarked that the drought has affected 33 percent of the 
national livestock to 4 greater or lesser degreee, with ite ravages. De la 
Garza Gonzalez stressed: “No one is to blame for this, either the government 
or the producers, but rather the weather factors." 
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MEX ICO 


BRIEFS 


CHLHUAHUA CATTLEMEN COMPLAIN=--Mexico City, 1 Jul-=<Thehead of the Chihuahua 
Cattlemen's Union, Baltazar Quezada, stated that 100,000 head of cattle have 
died as a result of the drought which has etruck the country's northern states 
for 11 months. In a telephone interview with UNITED PRESS INTERNATIONAL, 
Quezada said that the drought had also caused losses amounting to $80 million. 
He added that, in Chihuahua alone, about 60,000 cattle had died, thus prompt- 
ing the cattlemen to appeal to the Secretariat of Commerce for permission to 
export livestock to the United States. He said that the permission had not 
yet been received and that, “instead of helping us, they are hindering us 
still more.” The cattlemen's leader added that the government had sent three 
DC=-3 planes to seed the clouds with silver iodide, but noted that "the air 
force planes are too old to do this job." He aleo remarked that "the pilots, 
who were military, said that there was not enough time to try to make it rain, 
and that they would return later." [Text] [Nuevo Laredo EL DIARIO DE NUEVO 
LAREDO in Spanish 2 Jul 80 p 1] 2909 


MINING INDUSTRY THREATBNED--Nueva Rosita, Coahuila--Under a fiery sun beating 
down on this settlement, the correspondent from EL DIARIO, a newspaper that 
is always up to date in its details, was informed today that the drought cycle, 
or rain shortage, estimated as occurring every 7 years, which has just started, 
could cause a partial standstill in the Nueva Rosita mining industry. We 
were told, as a depressing announcement, that the management of the Mexican 
Mining Industrial Company, Inc, now has information to the effect that the 
"El Potrero” spring, located in the Muzquiz Sierra, which had been supplying 
water to two unite that the ASARCO multinational company has here, is almost 
completely dry. This portends a gloomy industrial, economic and social fu- 
ture, because it will cause an inevitable wage readjustment for IMMSA workers 
associated with Section 14 and numbering 1,800, bringing about a constant de- 
cline in their wages. [Text] [Piedras Negras EL DIARIO DE PIEDRAS NEGRAS in 
Spanish 2 Jul 80 Sec A p 3) 2909 


JUAREZ VALLEY STILL DRY--The pluviometric stations in the No 09 irrigation 
district indicate that the recent rainfall was recorded only in the urban 
area of this town, and not a drop has fallen on the Juarez Valley. Engineer 
Carlos Gustavo Mass Ostria, chief of the No 09 irrigation district, made the 
foregoing remark when it noted that the Ciudad Juarez pluviometric station 
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had recorded precipitation amounting to 16,1 millimeters last Tuesday, when 

it rained, The Saugal station registered 0,0; and the San Aguatin, 0.1; while 
the amounts recorded in Praxedis and Caseta were immeasurable, The informa- 
tion supplied by the pluviometric stations is for statistical purposes, be- 
cause the irrigation district la suppliedwith water received from the United 
States on the basis of the International Water Treaty. The official confirm- 
ed the fact that there has been no rain anywh re in the entire Juarez Valley, 
and that only partial cloudiness has been observed during the past few days, 
[Text] [Ciudad Juarez EL FRONTERIZO in Spanish 12 Jul 80 p 1] 2909 


DAMAGE IN SONORA DESCRIBED=-Hermosillo, Sonora, 3 Jul ==The drought which has 
struck the state is continuing (the worst in the last 30 years), and, to date, 
it has caused: temperatures of up to 50 degrees centigrade in the shade; 
50,000 cattle dead (official report); 250,000 hectares of agricultural land 
idie; reservoirs at 25 percent of their capacity; thousands dehydrated and 
with sunstroke; and over a billion pesos spent by cattlemen, all of which 
entails billions of pesos in losses, Engineer Martin Loperena, head of 
agricultural and Livestock development for the state government, estimates 
that 50,000 head of cattle have died of thirst or hunger, because of the lack 
of forage and water. Jesus Ancheta Sanchez, head of the Sonora Regional Cat- 
tlemen's Union, claimed that the current drought, the worst in 30 years for 
the livestock industry, is causing the deaths of from 150 to 200 animals per 
day, and has cost a billion pesos. In a joint effort to reduce the fatality 
rate, the government and the cattlemen have distributed 32,000 tons of feed 
in the various cattle-raising areas. Ancheta Sanchez said that, “added to 
the burden of the drought, the cattlemen are also having to worry about 
shipping meat to the Federal District." [Text] (Nuevo Laredo EL DIARIO 

DE NUEVO LAREDO in Spanish 4 Jul 80 p 1] 2909 


WATER TABLE STATUS EXPLAINED--Because of the terrible drought that has struck 
the region, the levels of several of the town's wells for water supply have 
dropped, although the JMAS [Municipal Water and Sanitation Board] officially 
claims that the problem is by no means critical. The head of the JMAS, engin- 
eer Nicolas Kosturakis Garcia, described the reduction in the water table 
owing to the prolonged lack of rainfall as logical and natural. In some 
wells, the pumping systems have had to be lowered to deeper levels in order 
to extract the vital fluid, when the current levels of the sources of supply 
dropped. Kosturakis Garcia was of the opinion that the wells would return 

to their normal levels as soon as we have rain, and hence he claimed that 
these reductions were not critical, but rather temporary. It should be add- 
ed that the repumping of water during the current season has been constant, 
in order to meet the great demand for the crucial element. As a natural 
result, the levels of the supply sources have declined, but not to an alarm- 
ing extent. He gave as an example the fact that, in some wells, the levels 
my drop 1 or 2 meters, and in such instances, the pumping systems are taken 
down to greater depths. [Text] [Ciudad Juarez EL FRONTERIZO in Spanish 8 Jul 
80 p 1} 2909 
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BABLCORA SEEN SERIOUSLY AFFECTED=-The lack of rainfall in the state and the 
reatriction an suspension of export quotas have caused thousands of head of 
cattle to be in danger of perishing for lack of forage; at the same 

time, the drought has affected the crops covering 600,000 hectares in the 
stormy weather crop areas of upper and lower Babicora, The foregoing state- 
ment was made by the acting senator, engineer Federico Estrada Meraz, head 

of the National Association of Small Property Owners and of the Cotton Pro- 
ducers Union. Engineer Estrada Meraz noted that, with the export quotas limit- 
ed, the cattle for marketing abroad have remained on the cattle ranches and 
have consumed the forage which would have fed thousands of head of livestock. 
The status of the cattle industry in the state is serious, because there has 
been a considerable delay in the rainfall. It is feared that, if it does not 
rain, the situation will become more complicated, to the detriment of the cat- 
tlemen, In commenting on the situation in the countryside, he said that the 
drought has seriously affected the stormy weather crop areas, especially those 
located in upper and lower Sabicora, where there are 600,000 hectares on which 
corn, beans, oats and potatoes are grown. Moreover, in view of the situation 
that prevails in the rural areas because of the lack of rain, the federal 
government has established a program of farmer solidarity, to insure jobs for 
the people in the countryside. [Excerpt] [Ciudad Juarez EL FRONTERIZO in 
Spanish 7 Jul 80 Sec B pp 1, 2] 2909 


INTERNATIONAL DAM DEPENDENCE CITED--According to the International Boundary 
and Water Commission, the month of July is not at all promising: The statis- 
tics recorded by that entity for the past 122 years or more show an average 
of 34 millimeters of rain. Engineer Oscar Builbot, head of the Commission 
(CILA), described much of the country's border region as a semidesert zone, 
where the rainfall is not abundant and the temperatures exceed 40 degrees 
centigrade. This causes the countryside to remain in a state of poverty in- 
sofar as agriculture is concerned, except for the land under irrigation from 
reservoirs or rivers. Engineer Guilbot stated that, for example, the La 
Amistad and La Falcon international dams provided the necessary irrigation 
for all the land within the border strip, while others, such as the Venus- 
tiano Carranza and the Marte R. Gomez, irrigate very extensive areas in the 
Anahuac region of Nuevo Leon, and the Camargo region of Tamaulipas. These 
are dams with large storage capacities which, while meeting the needs of agri- 
culture, also insure the supply to the Mexican and United States border 
towns, in conjunction with the two international ones. [Text] [Nuevo Laredo 
EL MANANA in Spanish 7 Jul 80 Sec Bp 1] 2909 
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JORDAN 


REFORESTATION OF 20,000 DONUMS PLANNED FOR THIS YEAR 
Amman A.=RA'Y in Arabic 12 Jun 80 p 6 


[Article: "Reforestation of 20,000 Donums in Various Areas and Production 
of 5.1 Million Forest Seedlings") 


[Text] The Ministry of Agriculture has announced its reforestation plan for 
the coming season within the framework of its overall 5-year plan. 


Dr ‘Abd-al-Rahim al-Talli, the Agriculture Ministry's director of refor- 
estation, said that the plan for the coming year includes reforestation of 
20,000 donums distributed as follows: 


Irbid: 2,000 donums; ‘Ajlun: 1,000 donums; Jarash: 2,500 donums; al- 

Mafrqa: 2,000 donums; al-Zarqa': 2,500 donums; ‘Amman: 1,000 donums; 
al-Balqa': 2,500 donums; Ma'daba: 1,000 donums; al-Tefilah: 1,250 donums; 
Ma'an: 750 donums; and 2,000 donums is grazing land distributed among stations 
in various areas of the kingdom. 


Dr al‘Talli said that the total area planted in forest during the 1979-80 
season was 17,686 donums. Some 183,468 forest seedlings were planted in 
this area, In addition, 8,558 donums was replanted during the same season. 


Concerning the ministry's plan for the production of forest seedlings, Dr 
al-Talli stated that 3,297,576 forest seedlings were produced last season. 
Some 1,832,468 of these were planted by the Agriculture Ministry while the 
remainder were distributed free for planting to citizens and government and 
private organizations in order to help renew timber resources in Jordan as 
a part of the Agriculture Ministry's plan. 


With regard to the forest seedling plan for the 1980-81 season, Dr al-Talli 
said that the plan will include production of 5.1 million seedlings 
alloted as follows: 


Dayr ‘Ala Nursery: 950,000 seedlings; ‘Ayn Jamla: 650,000 seedlings; al- 
Dhalil: 500,000 seedlings; Yajuz: 1 million seedliugs; al-Sula: 450,000 


seedlings; al-Karak: 350,000 seedlings; al-Tafilah: 350,000 seedlings; 
and al-Shubak: 400,000 seedlings. Some of these seedlings will be planted 


by the Agriculture Ministry in designated reforestation areas and the rest 
will be distributed for planting without charge to citizens and government 
and private organizations. 
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JORDAN 


BRIEFS 


MA'AN'S NEW WATER SYSTEM--The general director of the Drinking Water Agency, 
Engineer Sa'id Binu, announced that bids were opened yesterday regarding 

the installation of a new drinking water system for the city of Ma'an. 
Engineer Binu stated that the planned system wil. take the place of the 
present system and will cost 94,000 dinars, Implementation of the project 
will begin 1 month from now and will take 8 months to complete. [Text] 
[Amman AL-RA'Y in Arabic 12 Jun 80 p 2] 8591 
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ZIMBABWE 


DDT THREATENS WILDLIFE 
Salisbury THE HERALD in English 6 Aug 80 p 7 
[Article by Sheila White] 


[Text] The biggest ecological challenge facing this country was the con- 
tinued indiscriminate use of DDT pesticide, a Department of National Parks 
and Wild Life Management warden has warned. 


Welcoming moves to replace DDT with a more expensive but less hazardous 
pesticide, the provinciel warden for Mashonaland South, Mr Ron Thomson, 
said during an interview that certain species of birds were facing extinc- 
tion. 


"Most seriously threatened is the fish eagle, the fishing owl, the pere- 
grine and lanner falcons, the black sparrowhawk, all the other smaller 
sparrowhawks and small goshawks, the herons, and the cormorants," he said. 


Not only were the lives of adult birds being lost but even more devastating 
was the interfer nce caused to the breeding cycle by the pesticide, "which 
is freely and cheaply available even on the shelves of supermarkets". 


Departmental files had recorded the case reported by a Glendale man, Mr 
Barry Brooke, who, to eradicate an army worm infestation, had applied 
DDT. A flock of abdims storks arrived to feast on the worms and 64 were 
found dead as a result. 


But DDT does not always kill directly. More insidious is the way the high 
Zimbabwe temperatures, ultra-violet rays, and metals in the soil, catalyse 
and break it into another chemical--DDE--the real killer. 


Recent research had proved that when the DDE content of a bird's egg reached 
a certain level the population started to experience reproductive failure. 


"Two samples of peregrine eggs which we examined recently showed a contert 
of more than 62 parts per million while fish eagle eggs have provided evi- 
dence of DDE levels of anywhere up to three times the threshold at which 
the American bald eagle population started to decline," said Mr Thomson. 
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Describing Kariba as "a big sump" for all the rivers fa the surrounding 
cotton=growing areas where DDT was used extensively, he said that once the 
DDE entered a ater body the bottom of the food chain--microscopic animals-- 
living organiemea and algae--were immediately affected. 


"Because it is a highly fat-soluble chemical, it is readily absorbed by 
the microscopic animale and stored in their own fat celle. The smaller 
fishes who survive on these microscopic animals are then contaminated. 


"They in turn are eaten by the larger fish--with the DDE accumulating in 
their fat reserves until they are then eaten perhaps by a tiger fish. Fi- 
nally the fish eagle may eat the tiger fish--so the pyramid of destruction 
grows. 


Breeding 


Strangely enough, the eagle may remain unaffected until the bird utilises 
its own fat reserves--perhaps while recovering from damage and not able to 
hunt in the normal way, or during the breeding cycle. 


"When the bird starts using his own body fat then the DDE in the blood 
stream is released with sometimes fatal results." 


Hormonal side effects may decide the female against remaining on the nest 
to hatch her young. Another by-product of DDE poisoning is thin-shelled 
egas which are all too often crushed during incumbation, or result in the 
embryo dying of dehydration. 


Young birds die, too, just before hatching when the yolk--the food reserve-- 
is absorbed and could contain a lethal quantity of DDE. 


Encouragement is being given to the African peasant farmer towards growing 
cotton. Because of its ease of application and reputed "low mammalian 
toxicity" DDT is the recommended pesticide. 


"What we will be doing is subjecting our peasant population to risks since 
we don't know--because it is difficult to prove--the relationship between 
DDT and adverse clinical symptoms in man. But there is prima facie evidence 
that such a relationship may be possible." 


Mr Thomson said it was estimated that up to 800 tonnes a year were used in 
agricultural and huge quantities in tsetse and malaria control. 


"We are extremely concerned that wildlife is in danger." He thought the 
continued use of DDT would make many of the susceptible bird species ex- 
tinct in Zimbabwe in between 10 and 15 years at the present rate of appli- 
cation. “If this is increased the disappearance of these birds will occur 
sooner." 


32 














To preserve falcons, at any rate, Mr Thomson has two in captivity outside 
his Salisbury headquarters office in the hope that they will breed, 


"At least if they become extinct in this country we will have a gene pool 
left." 


In America some U. S. $350 000 is being spent to maintain 76 pairs of fal- 
cons towards reintroducing them to the wilds. There are none left in the 
eastern part of the continent. As bird-eating hawks they are particularly 
susceptible to DDT poisoning. 


Both America and South Africa have banned DDT. 


CSO: 5000 
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ITALY 


BIOLOGICAL EFFECTS OF NON-IONIZING ELECTROMAGNETIC RADIATION 





Bio-electromagnetic Research 


Milan ALTA FREQUENZA in English Mar-Apr 80 pp 47-54 


[Article by Paolo Bernardi, Istituto di Elettronica, Universita di Roma, 
and Guglielmo D'Ambrosio, Istituto Elettrotecnico, Universita di Napoli: 
"Bio-electromagnetic Research: Review of Some Important Aspects"] 


Abstract. The growing use of equipment and systems which irradiate electro- 
magnetic (EM) energy has increased the importance of the study of the biolo 
gical effects produced by interaction of EM waves with humans. 

This paper surveys the principal areas of research which have been de- 
veloped in various countries of the world over the recent years, the problems 
still to be solved, and the most imeortant results obtained. 

Particular attention is given to the present activity and the progress 
>* research in Itely. 


{Text ] 


', INTRODUCTION 


In recent years the interest in the biologi- 
sal effects of Von-ionizing Radiation (NIR) has 
been in continual development 411 over the world. 

There are many factors which have determined 
this growing interest. Above 411 the awareness of 
these effects is essential in assessing potentiel 
slectromagnetic (EM) health nazards and in protec 
ting both occupationally exposed operators and the 
general public from the pollution producec by the 
increasing use of E™ systems. 

The technological development has in fact in- 
trocucec, together with the more traditional uses 
of EM waves in radio and teleconmunication systems 
for civil and military applications and with the 
radar techniques developec from tne end of the 
2nc World War, new uses of EM emitting ecuipment. 
Tocay this equioment is soreading [1] into the in 
justrial processes of heating, drying, sizing anc 
melting of various types of materials, in diagno- 
stic and therapeutic medical applications, in do- 
mestic uses such as cocking food anc surveillance, 
in satellite telecommunications, in radioastronomy 
anc raciometeorology. 
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5ise.ec*tromeag™e*t.cs "602: eat* sre 3/3 
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-“PT. Arrue@l sy"™OOSive series. 
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some initiatives at @ European ieve. are present.) 


being carries Gut. 
The worice “eait? 
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tris fieie in ite Evurepeer 


6enGuc tine 


Megiona: office, ‘he s0ng term oblectives of thie 
progrear are to abe.ce* governments iff protect. 
meee 


H6Gubsetiona@siy exposed Operators anc the ge 
nere, Dublic from adverse effecte of NIF, The 
snort-term objectives ere to promote studies or 
the nealtr effecte of various types of NIP anc te 
Preview Gxisting i@we anc reguietions of the sub- 
ject, mar'he propose.e for their improvement. One 
of the objectives of thie progrem ie te pub.isn, 

ir 1860, @ "Manual on Nonionizing Radietion Protec 
tion” of which some chapters ere elreacy aveilabie 
on certein frequency ranges. An outiine of the ma: 
nual, togetrer with @ iiset of the chapters already 
publishec is giver in | 76). 

Tne Commission of tre European Communities is 
@* present Geveloping @ progret propose: on the 
Bicologice] Effects of NIF. *our principal eress 

* research Save been Getinec anc corresponding 
working groups ‘eve Deen estabiisenhec: optical re 
ciation with empnesis on ultraviolet redietion enc 
iasers; Nonoptice: electromagnetic radiation inci 
Sing microwaves, rediofrequencies anc extrenel, 
ide freuuencies; stetic fields; anc vitresounc. 

it@iy, Desides participating in the aforesaic 
@ctivities, "es recently teker up two initietives. 
first concerns the constitution within tne 
consigilic Nazionale Geile Picerche (CNR) of a Cor- 
mission wit tne tess of preparing @ feasibilit, 
StuG,y for @ finalizes project on “eleboretion of 
@ set of regulietions for protecting people exposec 
to nonionizing electromagnetic fields”. The seconc 
concerns en hypothesis for @ set of reguietions ir 
the *ielc of protection ‘rom recicfrequencty enc 
microwave radiations, eleboretec by the Radietior 
Leboretory of the Istitute Superiore ci Senité 
[*7). 

Coming Dace tc scientific 
e,ectromagnetic researc’, it must be underlines 
that numerous studies Nave shown thet the edsorp- 
tion of €iectromagnetic energy by tissues can ore 
Guce, Sesices the more eatily Guentifiebie therme) 
effects Gue to the Gissipation of this energy, also 
Siciogical effects, Commoniy clessifiec es non-tnhe 
mai, cirecti, essocietec tre EF fielc inoucec 
3” tissues. 
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Geve.OpMent ane EPOwt? processes of organiemel 12), 
some feseerenere Nave but forward the hypothesic 
pOstibie Cumoldetive effects progveee if orgeni: 
ome exposec to NIF, even if there is stiis fe Gor 
piete® agreement among scientists on this point, 
ther oper Questions Goncern the *ypotnesee thet 


dl 


e.@ -trom@eeretic Paciationre Gan a.ter the fature@s 
Peacti ore of the orpanier te otner types ef Stim: 
os OF that they Ger SPOGuGe ~eretic @.teratione 
| *3] 
if gerera., @a& Gemonetretec in tre literature 
sentionec, it Gan be observes that bioelectromegns 
tic Pesearc* fa@.is inte the two lerge sectors of 
Josimetr,, Orlentes te the determination, with theo 
Petic@. anc experimenta etnods, of the energy eb 
sorbec tb, the living subject, ene in thet concern: 
ing the stuG, Of BSieiogica: effects, et @ ievei of 
e,emertar, conetituents suct @#¢ mecromoleouies and 
c€.i¢ of, more often, at @ ievel of physiopethoic- 
g.ce. Peactions in compie» organiome, Among the 
numerout Observetions on this letter type we car 
Sint Out those regarding sensorial] perception enc 
isu. aiterations, the central nervous system enc 
te bevavior, the Neuroendocrine system enc the 
carciovescvlar one, Nematclogy and immunology. 
in the present work, after the panoreme given 
if this peragrap® on the origin enc growth of in- 
terest in the matter, some aspects of this wide 
sut ject are pinpointed. 
in particulier, in paregrep® 2, tre resulte of 
Sservation of some specific effects ere exenined 
anc @ generel type of beneviour of biclogicel sy- 
stems submittec to &* redietion is evidences. 
In paregrap® = tre probiems of Gosimetr, are 


ciscussec, wit" empresis on the mutuel interections 


Setweer sources, en irorment,enc Sicologice] object, 
anc ther paregrac® 4) @ brief review of the bic- 
electromagnetic research presenti, being cerriec 
Out in Itely conciuges the Seper. 


«. BIOLOGICAL EFFECTS 


“any, @xperimental Gete Neve beer collectec, 
especia.ly in recent years, e@bout biclogice: effe- 
ste of E* waves, but the ettention of researchers 
wet Gevotec mainiy to ufmodguieted recietion enc 
te particulier frequen.y renges, if not to specific 
single frequencies (2.45 Guz) [1#]. So it nes to 
be pointes out that, Gespite the lerge emount of 
observetions, @ substent‘s. iach of Anowledge re- 
mains @bout frecuency-Geoendent phenomena | resonen 
ces) Onc moduletion ef ects (*). 





(®) Some results concerning experiments with pul- 
se¢ redietion ere reportec in this issue [79]. 
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Another point, if Our Opinion, te be investi- 
gates more throughly ie thet concerning the cumvis 
tive (or net) character of the various bioeiectre- 
magnetic effects, when some of them appear te de 
pene Of the eabeorbec energy amount, regerciess of 
ite time Gietribution (power), One May Sey that the 
biciogicogs effects observed, as @ function of the 
integrel of the absorbee power, exhibit @ cumiet) 
ve character, In some Gases, Quoted below, the ado 
ve behaviour was Gemonstratec, but if others the 
biclogical system exhibit recover, aptitudes acting 
@geinet the integrating one | 20). 

in general, bioelectromagnetic interaction 
my be viewed a6 @ process involving different ioc- 
gicelly subsequent eteges | 21) (Fig.1). The distri: 


bution of fiela and absorbed Gower into the Siciogs 
cai oblect oan be considered a6 the response of the 
first stage of the system, the study of this stage 
is just a matter of engineering. In this area valve 
ble results were obtainec, also tar ing inte account 
the influence of the environment and the coupling de 
tween sources anc the exposed opject{ 22). Given tne 
internal *ieia vistribution, various themnal anc 
non-thermal elementary effects occur iocaliy | se- 
song stage); Sut Sere, besides seat oroduction, very 
little is snowr about other Sisphysical srocesses 
[23]. In any case the Siclogical system reacts to 
local elementary effects witha series of Snysiopa- 
tological responses (third stage). 

As a matter of fact, due to the ignorance concer 
ning the seconc stage of the logicel scmain sutiined, 
the “biological effects”, final cutout of the system, 
cannot be relates to the (unknown) input of the third 
stage; they could be related, then, to the internal 
“tela distribution (second stage input), Sut in most 
literature they are simply oresentec together with 
the exposure conditions ‘essentialiy the first stage 
input) or, at 76st, with the entire body's specific 
absorbed power ‘something "idway Setween the first 
stage input and outout)[ 14]. In this situation, sue 
to the complex interaction chain between exposure 
parameters and final Siclogical effects, the exsert 
sental “ingings generaily cannot Se related strict., 
to the orimery inout ‘or is it an easy setter to 
Slece tnremina thecretical frame. 

Nevertheless, when there is a great amourt of 
Gata collected about tre same phenomenon, it is 508- 
sible to draw some “external characteristics” >5¢ 
the Dislogical system, with regers to the cbservec 
effect. In such cases resonable srecictions can be 
mace anc some insight car also be gainec. 

Among the Nany Siclogical ef*ects chservec 
(regercing ~eurclogy, encocrinology, “ematciogy. 
ang other medical sciences) reviewec i several e- 
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"he exposure of oregnant *emaie fate to radia 
tions at various frequenciesl 25, 26) oreevees severe 
salformations in fetuses liste ewencepnaly, ‘aciei 
abiasia, arocontainia, arc various “eart, *ichey,arc 
liver anomalies; Sut *%e generai rule or coenciusion 
sould be drawn *rom these experinertal Dt], “uen sore 
erecise indications were ooteicec “rom microwave 

2,46 Sez) exposure of omice emeryoel 27, 28) .Sesices 

@ general inniditory effector t™e growt", it was 05 
served ‘at, after irradiation, "cs@.iviar oroli*erg 
sortinrued Sut Jiff*erertiation Sis ot; 86 tnet 
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at ‘igh cower levels anc at low Sower ieveis. Ir te 
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scour wher a given absorbec erergy amount Sower, 
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this Sutatively ‘on-tnermel effects region, @ cu 
tulative beraviour is tus estatiisrec, anc on 3 
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by @ “yoerdole ©at * const. } 
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(Fig.2, soiic iine). 
— At low cower levels (28), table Iv) tre Sicicgicai 
system appears to be less sensitive, t>e same energy 
ig 7ot suf*iciert, anc ore exposure *: is “eecec 


(Fig.2, ceasrec line). "his Seraviour is sonsistent 
ith the sypotnresis of 4a t*resrcoic Sower level! 
found ir other experiments (24),[29). 


























Exporure ime 3 


Pig. = Chiek embryo teratogeneesta threahoid; in- 
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- At sigr cower levels([28), table f), 
trary, the system sccears “ore sensitive arc tre 
oneet of teratogeresis sccurs at 4 lower *ine 
(Onc @efgy) ther orecictec 5, te “yoersciic 
ia "ig.2, gasnec line). Giver cemcerature 


on the son- 
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rises observec @t ese Hower levels, 
sting eitver concomitenti, 
tic@iiy with the nor-therme: ones, 
@: responégibie. 

* Quite similiar Sicture cer be Srawr ‘ror ev- 
carriec out @t am entomoiogica) ievei. 
* revien of teratogenic e**ecte of microwaves or 
Tenebric sitor, togetrer with ew results, is 
giver eleewrere ir thie issue [ 18). 
AS regerds the effects of NIF on reproductive or- 
gOS. 2° Can be Seic thet no evicence of chenges ir 
numer fertility Gue tc microwave erposure wee founc 
[20], but many experiments have beer performed or 
sedoretory enimeit enc Gamage to the germine] epi - 
thelium of seminiferous tubules wae histologically 
observes. “rom experiments on Gog testes some po- 
wer-time threshold cherecterietics coulc be crawn, 
@ Deeviour similer to thet occurring in microwave 
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iNGwted teratogenic phenomena was estabiisher are, 
if POPtOvier, @ ENPESNOIE BOwer Lieve. was evider 
sec | 24), 

ee Pegercge the Geveiopment of opacities se 
terects if tre iene fOisGwing EY exposure, ev ter 
tive Peseere’ wae Gevoted tO this subject, ane Me 
A, ewperimerts were Gerriee Gut of Febbite ence 
Goge 4* various frequencies if the Microwave far: 
ee | 20). At @ given frequency, with @ given expe 
Sure teenniave, again @ Sefet, Dower eve. wae 
found, @t whieh 6 effect eappearec regardiess of 
evyO0eure Guretion, ane @ bower: time bevavidur eo: 
vie be Outiines | 24), af in tre cease of teretoge- 
neeis, i* @ Certein range the effect appearec te 
Gepenc of the integral energy Gose (‘GuMuietivity). 

Some commor features emerge from the above 


Quotes experimentée on different biciogice. objects. 


The DOwer- time thresnoic Oherecteristics, showr 
wit’ Getelle in the cease Of teratogenic prenomene, 
appear to refiect @ general beheviour, enc can be 
aesumec at least af @ working hypothesis when stu- 
Cyine verioue biceiectromagnetic interactions: e 
Sub" tAPESNOlG ONC 1Ow- DOwer wear-effect region, @ 
meciu®-pOwer region (where the essentieiiy fon- 
tnermma, effecte depend etrictiy on tne ebsorbedc 
enere, , Onc “igh-power strong-effects region, 
erere the trermal injuty Oley’ an increasing role, 
car be assumec a6 @ reference staendgarc pict -« 
‘or experimental ‘ingings if various bicelectro- 
magnetic researches | 78). 


3, THEORETICN 
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AND EXPERIMENTA. OOSIMETR 


The interestion of EY fields with Siciogice: 
systems crocuses effecte which cen be ciessi*ies 
anc evelvetec under different pointe of view ect- 
corcing te the orgenizetionel ievel of te living 
system sonsiceres (mletuiar OF Seiivier, singie 
orge”, entire orgerisr . 

“Owever, at the oresert state of Anon legge, 
watever the organizational ievei consicerec, it 
car be assumed | 14] that the electromagnetic ener 


€) @edsoretior constitutes te response of the first 


stege of the interection oneir shows ir Fig.*. 
*.8 effect, celiec 6) Czerssi tre “primar, 
imterection’, ‘es therefore @ ‘uncamente: impor: 
tence ir the Study of interection enc many reseer 
ches, Sot" t»ecreticel enc experimentel, ere going 
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tweer tre sources of tre EY fieic anc the energy 
apecrdec by tissues. "ese researcves, gerere..y 
clessi‘iec at “dosimetric” resesrcves, cer be Cor 
siderec at "ot indispensetie ‘or tre ourpose of 

eporeising s»ysiopat*clogica: responses o* ar irre 


sin 
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iiving system, if the pregmetic epproes” 

wie? Gipestiy Conneete (Fig, ’) the cevse (tre EM 
sources) with the effeete (prysiciogice: end/er 
pethoiogicoe, ~esponees), ie heie te be Sufficient, 

duc! @f @PPPOMEh N@t NOwever Goubtfus especte 
bot? from @ biciegicoe, ene af eiectromegnetic vi- 
ewooint, OF ene Nene, the AnOwlegge Of the power 
absorbed it indiepeneeatie for researeh and for 
understanding the besic Meohenian of interestion, 
For instance, one of the major orobiems ir this 
area, @s es beer previovel, mentioned, is treat at 
the moment we are NOt @iways abie to evaluate if ab- 
sorbed power ie purel, Giesipeted or if otner 
field effecte may elise infivente biologicoe: system: 

From af electromagnetic point of view, it doe 
NOt @iways seer possibie to consider @ radiating 
sOuree at ef impressec Quantity, that is indepen: 
Gent of the system with whieh it inter@ete, es is 
shown if the case ilivetretec in *ig.'. 

very often the interection must be sonemeti- 
vec if the more general form shown in Fig.3ea in 
whieh the environment (other bodies or scattering 
surfaces places fear the system under examination) 
anc the irredieatec biclogica., system infivence 
each other anc both interact with the sources! 30). 
In this case ("ig.3a) it Goes not seem easy to e 
stabiish @ link between the Siclogicel effect ore 
Gueed end @ characteristic quantity of the EP sour- 
ces, whilet it is @lwaye possibie, in srinciple, 
te establish @ link betweer tne biclogical effect 


ana tre internal field distrisution. 

insome cases the scheme in *ig.3@ can Se sim 
piified:*or inetarce when tre reaction of tre bic: 
logical system on the sources and on tre enviren- 
ment can ce “ecgiected (Fig.db); in this case tre 
exposure concitions are completel, defined in terns 
of tne EY fieis incident on the irrediatec body, 
‘nat is tre fielc srodguced by t™e sources wit the 
given ervirorment in the region in which tre body 
is situates, Sut in absence of the body itsei*. 

very often, the research conducted up to Ow 
hes beer referres to Saerticular exposure conditions, 
that is to conditions in wich the Sodies are 3si- 
veted in the far-field of tre sources anc are tre: 
refore irradiated by &” silane waves (‘*ig.3c).wit® 
reference to tvese particular conditions, ar “er- 
posure-rate” is defined, which expresses the ©” sour 
ces in terme of the power Gensity incigent on tre 
body. 

in the case of irradiation of bodies situated 


in tne ear-‘ieic of the sources, tre exdosure- 
pate” loses significance ar: other scaremeters 
must S@ aGostet to characterize t*e erposeure 


conditions. -robiems of this «ind Neve beer faced 








b) 





Interne! 
| beet rbews tecee 


Pen: 
Bere 


Fig.2 = Typee of interacticv. condi tione. 


for pOdies exposed *o ‘ielde sroguced 5, apertures 
[27], dy electric anc sagretic sipoles | 22, 12), anrc 
by tultimodal cavities | 54,43). 

The dose-rate concest (‘sower sbsorbed oer unit 
volume OF OSS) Girectiy lirss tre Siologica: «* 
fect to t"© SOwer sbeorded witrin tre irradiated 
body. Standarc cose-rates are vtu@liy defines sot 
as “integral cose-rate”, teat is **@ SOwer aDsor- 
bec Sy the entire Siclogical Sody, anc as “dose-ra 
te Gistribution”, that is te cower sbeorsedc oer 
vfit volume (or mess ) at @ iscetion in the Siscic- 
gicai body | 3*). 

i" a@cition to the exposure safety stercers, 
t»e concept of “emission standard” ‘as Seen i*tro- 
Guced inte tre study 3¢ electromagretic interactior 
| 34]. "Sis concept ~#s been usec to characterize 
eerticuier expoeure soncitions, cif*erert ‘rom 
teose cefined Sy **e exposure-rate, a8 Scours ‘or 
erampie if the case of “uhans erposec to .eatage 
of tySicai: sources (certiculiarly sicrowave overs) 

"*e t*ecretical researc™ carried out ir t*e 
Gosimetric ‘ield over *t™e last yeart “es Seer scor- 
sideretie. /afious types of geometric soGels | sore 
re, cyiinger, sprercic erc @liisscic, *omogeneous 
Onc streatifies: o* “ON OMG Tis OFrgens “Ove Seer orem 
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68 eth oes del aes, *°e Pe. atin 
total and dietrifuted) ane 


‘ Péview Of tre 


y "eens of varie 
ab cofted Cowet 
ef: 
Sarriee aut if 


ec ane, 
a’ Setweer 
ici dent 
most fPecert wore 
eiveed ic | *4], 
7% sen be 
foaimetric 
e*vironwent 
tse ®utwe@i 


sc ated, 


, tjaia i , 
"ia fie@idg is if 


Seer “ae cer 


sbeerves that the greates*’ fart 2° 


i,aee ¢ 
eg,e0%8 


resear:’ & ¢**egtes 5° te 
"se Leterpaction, “"at if it ‘eg@.eets 
between sOurces, efviranmenrt 
ane ipradiatee codies "ig. 3a), * different sserceer 
s faced if 4 wOr* while’ appear’ if thie iéeue 
wien, sing @ simelified segei, the Sewer a5: 
sorees Sy an irradiated object is "ound, taning 
i®te acGount *"e reciereéai infiverces of source, 
envirenment ang siciogica: body | 22). 

Experimental researe® if the dosimetric ‘ieis 
a6 af sbiective tre quantification of tre —* 


‘~~ 
3* 
Leteraectier 


: 
7. 
. 


"ae 


field induces if sublects exposed to radiations, 
and requires that bot tee fields in the environ: 
sent anc within the tissues be seasured, “easure- 
sents of external electromagnetic fields for gene 
Pai exposure conditions, treet ie in tre oresence 

*  reharacterized electromagnetic fields, tuiti- 
path comperents and reactive *ear-field components, 
“ave Deer conducted wit isotropic spatial respen- 
s@ orobes. “his was obtained Sy arranging trree 
tipeles (electric or magnetic, in an ortrogonal 
array, finding ‘he signal of each dipole by 4 de 
tector wit" s@uare-lew response and adding uf tre 
taree signals found, With tis technique tre result 
is @ signal oropoertionel to the energy density ‘e- 
jectric or magnetic) of the incicent fieic | 95,36]. 
Problems connected to the orecision of these “easy 
remerts, such a6: low scattering cnerecteristics 

of crobes, tyoes of detectors, Sigh- impedance leeds, 
are discussed in [27]. 

“easurements of the fieic distribution enc 
associatec Sower absorotion within Sic.ogical soe 
simens oresent a series of complicetes oropienms. 
Since the electric ‘*ieid orobes ust Se inserted 
cirectiy into the Sedy, they sust Seve an eopre- 
eriete % ape $0 96 Ht to disturd the vitel func- 
tion of the organ consicered. “rom an electrome- 
gretic viewboint, Sesices the reed for @ good spa- 
tial resolution, trere are the oroblems of fieic 
perturbation Causes Sy orebes anc Sy leads vtec 
to CONGuct the signal sutsicge tre body,end that 
of the @**ects on the seasuremerts Causes by 4 
"ecium wit® spatially inmomogeneous electricei 


‘ so%etitutive serenmeters. 


Tecnnicgues for overcoming these difficulties 
ave Seer recentiy examined. “easurement tecrricves 
of antennas in cdissicative sedia are siscussed 
in [08], in thas caper an experimental environment 
arge erOug" 6 approximate an infinite cissipeti- 
ye "ecivm is consicerec. "Se conditions tnet sust 








ne satiefled if sieetric *ile.d erepes if 4 Gissi 
Sative *ediw® are to “ave 4 Pespense independent 
9 "$e S,268FiGel OOMStit.tive parameters are i> 
souseed in | 99), whilst @ study of various tyees 
1f 2iectPle PPObEes wit 4 Sartiouier geometry ie 
@GtPie@iiy,y sPert, Pesonert, Sere or tnguieted) is 
giver ie [40], 

“serma. oPobes ana termograph, “ave Seer 
seee te Setermmine average abecries cower densi: 
ties afnG electric fleids «it"i* Siciegices speci 
sere [4°,49), 4 Peview of trermegrapnic techniques 
‘or the Seasurement of absorbed Bower if Shantor 
tissue "OG@.s and anima, carcasses is given in 
| 44], 

Fim@iiy, @ teernique for determining the eleo 
tric withi® @ Sielegica. sammie, Sesed on 4 
pemote- sensing method, Sas Seen siseussed | 44), 
"se set"oG sorsists of impecding an iscleted dicce 
in t*@ SLOLOgica@. sammie anc aesessing the Local 
*leid 5) "eaeuring the amBiitudes of tre intermo- 
duietios spectrum re-radiatec Sy the ciode exposed 
6 @ du@i- frequency Liiweination. 


*iei3 


&, BTOE_E° “ROMAGNETIC MEGEAR Oe Tt, FTALY 
after tre cioneer’s wore that Ser Se redhe- 
nec o* te tne Gelveni’s experimerte of ebout two 


centuries ago on frog: *"9* anc more recenti, 

te the Lezzeme.ii’’ observetions ebout recic weves 
enc orair ettivit, interestions (*625)| 47], spe- 
racic activity wee initietes sefore tre seconc 
war. :° /ears, Péiatec tc the gene- 
Sis) @fFowing interest i+ ficeiectromagretic ir- 
Snenome*s, @ soorcinatec wor’. See Deer 
sgertarer if various vriverei*ies ant f®eseerc* 
institutes, giving rise to e@ numer of sortrify: 
tions, idetes i= [ 48), 

Besices the more trecitiona. wore in the opti 
S@, regior of the NONiOnIzing recietions spectru, 
the rese@arc* @ctivity or tre Siclogical effects of 
tre electromagnetic “ieics, fror ELF ub to miiii- 

tric wavet, Net Geveliopec if Gif*erert cirections 
wict, “Owever, Sen be framed eocorcing tc the ir- 
terection scveme of Section 2 (fig.'). 

*eOreticai wore pertaining to tre first ste- 
ge' ‘rom Giectromegnetic sources to fieic distritu: 
tion insige tne bisiogice) object) is Seing cerries 
Sut et te Universities of Beri ‘coupling betweer 
sources enc exposec subjects | 62) anc fome (infiu- 
ence of the ervirowment of SoOwer Geposition ir mer 

22,58), enc temperature cistripution ir irrecie- 
tes biclogicel bocies [48]. "re attention cevotec 
et the Universit, of “iorence tc the modelling of 
‘se ‘ume trhorer, for Giegnostic ourposes cen be 
consiceres ir the same area | 45). “ielc messurenent 


> — . -* 
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erobiems ere peing Studies at the ietitute Gi fi- 
eeree suile Onee Elettromegnetione | iorence)| 60), 
@t the letitute Superiore ci Senite (Mome)] 61], at 
the Tetiteute Ciettrotecnice ‘ezioneie Geiiier “er 
reris (Turini| 62), ene at Aeritelie (Torani 6aby 
w'lie Pese@eare%et Of the whSse 50G, erbosure are 
G@simetry teenniquee are being Gone at the vhiver: 
eit, of Naples | 64) ang microwave spectroscopy of 
bie, Ogices substences ie being carries out et the 
Laborateric per i Cireuiti Elettrenici (Genoe)l 66), 

In e@nnection wit the seoone stage of the 
scheme of fig,’ theoretioas anc experimental worre 
at the Universities of Genoa | 67) anc Palermo | 66] 
ere being cerries out. 

Opeervetion of physiopathoiogice! responses 
o* living eyetems (final output in fig.’) is tne 
becis of researches carried out et the Universities 
ef *lerence (blieos sedimentation rate [58], \eples 
(insect teratogenesie [°9]). anc Pavie (racic fre 
Quency -incucec arrhyttmie [60)), at the Istituto 
6. Picerce guile Onde Flettromagneticne | enzimatic 
ectivity [64]))) anc at tre Ietitute Superiore oi 
Serite (iron metepolies ir animals [64] ), Among 
trese tuet be Guotec the researches Gone ir the 
ELF range by the Ente Nazionale per i'Energie Eiet 
trice (2Necj es). 

Trade shetoh, eltnough not complete, is inten- 
Gec tc give en idea of the various trence of bice- 
lectromagnetic research in itei,. 
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Electrically-shielded Enclosure Hazards 


Milan ALTA FREQUENZA in English Mar-Apr 80 pp 55-60 


[Article by Paolo Bernardi, Guglielmo D'Inzeo, Franco Giannini, Roberto 


Sorrentino, Istituto di Elettronica, Universita di Roma: 


"Quant ifying 


the Hazard of Field-Man Interaction in Electrically Shielded Enclosures") 


[Text ] 


Abetract: Both the average value anc te distribution of the soeci*ic atsorption 


rate (SAR) are calculated for Siclogical tissue irradiated in an electrically 
srielded enclosure. In this case the cower raciatec Sy the source anc ‘ee oower 
absorbed by the body depend on tre sositions of the source and the body wit" 
respect to the enclosure; consequently, te exposure-rate concect cannot be usec 


to quantify tre ‘ezerd. 


A raw methoc is therefore oroposec to evaluate tre “ezarad of the interaction 
insice an enclosure. "he sethod refers the cower absorbed Sy the Sody to that ab- 
sorbec in a reference structure. Calculations ‘eve been nace in the frequency ran 
ge of 100 “Wz, in which maximum power absorotion occurs for "umans; “urthermore tre 
wavelenghts in this frequency range are comparable with the dimensions of civil 
or industrial enclosures where electromagnetic (&”) sources are cornell, instal- 
lec . Finally, some carameters ‘ave deen introduced to evaluate ‘he ‘azarc when 
tre interaction takes slece wit*in a shielded encicsure. 


1. INTRODUCTION 


The most relevant scarameter of the “azerd >f 


the interaction between electromagnetic 


(&") fie- 


lés and Sicological bodies seems to be the Soecific 
Absorotion Sate (SAP: cower absorbed cer unit ness 
of the body). This quantity is related univocally 
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to tne Sewer Geneity incident on tne body only 
when tne latter is in free-space and a uniform 
Diane wave is incident on it (plane-wave, froe-spa 
s@ irraciation conditions). *or a given Sody, the 
relationsrip between SAP and incigent Sower densi- 
ty 18 only dependent on the frequency anc the “ieic 
selarizetion with respect te the Sody srientation,. 
Suc" a relationenio mares it sossiSie to use extra 
solation netrocs [‘']¢or somparine different racie- 
ting *ields oroducing t™e same average SAF in cif- 
ferent codies (@.8,, an animal anc a Suman). “any 
studies “ave dealt wit” tre oroblem of relating 
the SA® to the incident cower density | *#2,9,79) 
anc the quantification itself of tre “aezard is 
given in terms of the incicent cower density 
mw/om'), 

In pratical cases, “owever, sccies are exocsec 
to more somplew —Y “leld, 6.2. to te near *ielec 
s¢ acertures and/or in t*e oresence of reflecting 
sur“aces. In such cases, it is aiwa@ys sossibile to 
define t-e incident ©” “teic (‘*ield in te absence 
o¢ the socy) a6 well as the incident cower “iux, 
but te relation cetween SA® anc i*- ‘tent sower 
“lux "ot only cesencs on 3 great cumber of pSarame- 
ters otrer than the “requency anc the “ieic colar: 


Zation, Sut is often also indeterminate (sonsicer 
@ SOCy @*Sosec tc a Surely standing wave’. As in 
"ne usual irraciation sonditions, when, insice ar 
erciocsure, wor*ers are exposec to the EM field of 
industria. ‘eating acoaratus, the only meaningful 
cerameter act *s cuanti*y tne nezerc is the SA*, 
“se scoce cf this work is to study 8 sodel 
which, Sesides stressing the inacequacy of tre 
incigert sower flux concept, nakes it sossible to 
quanti‘, tse SAP for sodies irradiaetec inside en- 
closures. “*ougr simplified, the EY model eccoted 
stresses *“e sain “eatures of tre interactior ir 
enc.ceures. “oreover, to seal wit" the orobiem of 
querti*ying *-e “azarc, .- view of tre nany sere- 
meters sm which tee intercstion gepends, 4 suitatie 
reference structure is introgucec. “*is structure 
is such tat, under orocer conditions, 
a Socy is *“@ same wrerever it is clacec insice it, 
regerciess o* *"e sistance “rom the source. “ence 
it is seossibie ts introduce suitedie coefficients 
which allow t*e “ezard 3¢ the actual conditions of 
interectione to se cuentifiec ir terms of the rete 
rence structure. 


the SAP of 
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Fig. la - Biologteal sample irradiated in an elec- 
trivaliy shielded enclosure 
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Pig. 1b - Biological sample irradiated in the re- 
ference atructure. 


Sity J * x Jig (%+2)*yo Jy (x.2) laying in @ plane 
transverse to the z-direction. For simplicity, the 
current source, 46 well as the whole structure, is 
supposed independent of the y-direction. 

The biological body is represented by 4 plane 
layer of homogeneous muscle tissue having 4 frequen 
Cy dependent complex permittivity of the form 


(1) 


ie) 
&* €,~- je,° joe, * 1% Jw, 


where ¢, is the vacuum dielectric constant, o is 
the steady state conductivity of the biological 
tissue and ¢, is the permittivity at sufficiently 
high frequencies for the orientational polarization 
to have disappeared. 

The above expression is an extension 1f the 
well known Debye dispersion ‘formula for the com- 
plex permittivity of a lossy dieletric and allows, 
by suitably choosing the values of aq and Tt, 4 
good approximation of the values €;, €, of 4 muscle 
tissue in a frequency range two decades wide. 

Table * gives the values of aq and t for the 
5-500 "Mz frequency range, together with a compa- 
rison between the values computed through (1) and 
those estimated from data oublished by Johnson et 
al. (1). 


Consigiio ‘azicnele celle Picerche. 
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Finally, the room where the interaction takes 
place is represented by 4 cavity with oerfectiy 
conducting walls. "he cossibility has Seen consi- 
dered of a dissipative dielectric slab set agains: 
the wall facing the source, in order to account 
for the imoerfect conductivity of actual enclosu- 
res. 

Once the model of Fig.l has been establisnec, 
the EM field in the structure can be calculated 
followine the orocecure indicated in [7]. 

We enall limit our attention, without besi- 
cally changing the problem, to the —™ field wricn 
ts ™ with respect to the z-direction; this means 
that we shall consider only tre field radiated by 
the x component of the current exitation. Under 
this assumotion, the only 0n-zero component of 
the magnetic field, 4. ts given by 


* 4 (2) cos = “ 
a _" - 


with 
‘es 
Hof2) © | batz7e"13qi2" 192" (3) 
‘es 
+ torte 2] ey Ww a4 , 
Jet 2 _—e | ss ‘w,2) —_—s. 4) 
0 


ww 


G(2/z') is the Green function of the structure. 
The non-zero E-#ielc components, &, =. are then 
easily obtained through (2) and Maxwell's equations. 
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The evaluation of the quantities which are relevant 
to the safety oroblem, such a8 te Sower radiated 
Dy the source, the SAP distribution and its avera 
ge value is atraignhtforwarc. 

it should be noted that, “or a aiven source, 
the SAP ia a function of several cerameters, such 
as the frequency, tre size of the Sody model, the 
Gistance scource-model, the positions of the source 
and of the model within the cavity, tne dimensions 
of the cavity, and the chereacteristics of the ab- 
sorbing layer. 

Trerefore, the evaluation of the hazard, 
when the interaction takes olace in a snielded en- 
Closure, appears to be very complicated even if a 
roughly simelified &” model is adooted. 

To overcome this difficulty, it seems to ce 
useful to define some quantities which characte- 
rize the ezerd of the interaction in terms of a 
suitable reference structure such that SAP be in- 
Gependent of some of the above parameters. 

Lat us consider the guiding structure of 
Fig.'b, which is obtained from trat of Fig.‘’a dy 
eliminating any reflection from tre walls at zt 
and z*a. Let us firstly suppose that the source can 
excite only one mode; in such 4 case it is easy *o 
verify that, orovided the frequency is greater the- 
the cut-off “requency, the cower absorbed inside 
the Siclogical slab does not depend on the distar- 
ce between the slab and the source. Consequently, 
the SAP for — given amolituce of current excitation 
is a function only of the “recuency. 

“ore in zenerai, when the current distributions 
excites an infinite set of modes, the cower sbsor- 
bec at 8 given ‘recuerc, will still be indecercent 

of the sied-source cistence, orovidec tris cisten- 
ce is sufficient to make the eamclituce of the EM 
*ield cue tc the evanescent modes negligibie. In 
other words the power absorbec within the tissue 
model clecec in tne reference structure of Fig.1b 
Gepends oni, on the frequency, orovidedc any reac 


_ tive coupling between the source anc the sieb is 


évoidec. 

once tne average Dower density absorbed in 
tne reference structure has been celculated, the 
evaluation of the radietion hazerc in actual condi 
tions of the interaction, may obteinec introducing 
the retic: 


Average SA® in the ectusl structure 
Average SA® in the reference structure 





where both the numerator anc the denominator are 
celculetec for the same current excitetion. 

Tne importence of evaluating the absorbed 
power in terms of e reference situetion is that 
it ellows any dosimetry in actual conditions of 








interaction te be reduced to the only one in the 
refererce etructure., In other words, once the 
nazar .eveis Nave been evaluated, theoretically 
eperimentaily, for @ given source in referen- 
# Conditions, it i8 @@sy to deduce the hazerd 
@ve.s if actual conditions of interaction. The 
parameter "r" may therefore be regardec as @ coe* 
ficient which accounts for the nazerd increase (or 
secrease) due to enclosure, to the proximity of 
the source,@nd to the positions of the body end of 
the source inside the cevity. 

it should be noted, however, with reference 
to af actual situation where @ human is exposed to 
ean E* fielc within, @.g., ean industriel enec, that 
the position of tne man is e tipiceally verieble 
Guantity, and the Oower absorbec depends or his 
position. It is therefore useful to define @ pere- 
meter, indepencent of the man's position, which 
cnaracterizes the hazard in terms of the maximum 
Dower the man cen e@bsorbd by varying his position 
witnhin tne cavity. 

This ieacds to the definition of @ parameter 
cheracter.zing the hazerd of the surroundings (ca- 
vity * source) ae the maximum value of r attained 
by varying the position of the body within the ce- 
vity: 


oF 
a 
© 


ry = max fr) 


« 
a 


For given electrical characteristics of the 
source (current cistribution anc frequency), this 
peremeter is a function of the source position in 
side the cavity. When installing E” radiating 
equipment ine shielded enclosure, it is possible, 
once the coefficient r, has been evaluated, to de- 
termine the better location for the equipment in 
order to minimise the hezerd for the workers. 

Finally, since the hazarc also depends on the 
e.ectrical end geometrical properties of the enclo 
sure where the source-man interaction occurs, it 
seems convenient to characterize the »azerd due to 
the enciosure, with reference to a given source, 
throug’ the maximum value atteinec by ry by vary- 
ing the location of the source: 


r, = max fr;) 


This cerameter, which is merely e function of 
tne frequency, simply the retic between the max 
imum value of the average SAF in the actual struc- 
ture enc the e erage SA in the reference conditi- 
ons. 

This parameter may be regerded as the hezerc 
coefficient of the shielcec enclosure. 


2 
28 
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. NUMEPICA, RESULTS AND OISCUSSION 


Tre metnoc Gescripec ‘ee beer usec to compute 
tne EM field, tne average SA® anc ite Gistribution 
inside tre diclogiga) tiseve in the structure in 
Fig.’. Ae the source of the EM field we heve cnoo- 
ser af imprersec current density, in order to exci- 
te only the My, mode, This current Gensity, omit- 
ting the time dependence exp! jut), is expressed by 


rT. , 
Jy (Xe2) © Tcos = 6(z-2') ($) 


t“2'“d , where ¢ is tne Direc delte function 


anc) =s«sI,* 1 A/m in @ll the computations made. This 
current distribution makes it poseible,on the one 
hand, to stress the major phenomene connected with 
the irradiation of @ biological body inside a shi- 
eldec enclosure. On the other hand, (5) does not 
eppeer to be too restrictive, since it may be con- 
sidered os 6 single spatie] harmonic (for m=’) of 
@ current distribution heaving @ generic » dependen 
ce. 

According to the discussion in the previous 
section, only frequencies above the TM,,_, mode cut- 
off will be consicered. In order to have an idee 
of the power absorbed by @ homan in actual condi- 
tions of interaction, we assume that e*6m, b«3m 
(dimensions of the cavity) end s*0.25 m (thickness 
of the biological tissue). It is obviously @ rough 
aoproximation te consider @ men occupying the whole 
height of the enclosure, but 6 model more close), 
relevant to man would not elter t'e main features 
of the phenomena. 

Fig. 2 shows the behaviour of the retioc r be- 
tween the average SA's in the cavity end in the 
reference structure es e function of the position 
of the oicological body inside the cavity, the cur- 
ves ere plotted for a source in @ given position 
(z'#1.5 m) operating at the freacuencies of 60,90, 
“20 MHz. Note that, given the emplitude of the cur 
rent censity, the everage SAR in the reference struc 
ture, ©. is merely a function of the frequency; 
the values of ©, at f*60, 90, 120 MHz are quoted 


im Fig.2. 

Tne meir feature of the curves in Fig.? is 
the oresence of typical picks of absorbed power. 
In fact, for eact man position, the structure poe- 
sesses af infinite set of discrete complex resc- 
nant frequencies: when, es ¢ varies, the real part 
of one of these resonant frequencies approscher 
tne operating frequency, @ sick of absorption oc- 
curs. ‘he maximum amplituge of these oicks, corre- 
sponding to the previously cefinec parameter r,, 
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Fic £ = Reaonant cavity without absorber, 2'=1]. 5m 


is quotec in fig.2 for the three frequencies exe- 
minec. ©ig.2 @iso illustrates the extreme veriebi- 
lity of the absorbed power, both at @ given frequen 
Cy, @8 the position of man varies (20 dB), and et 
@ given position, as the frequency varies (V30 dB), 

when the SAP in the reference structure is 
known, “ig.2 @llows the evaluation of tre SAP when 
tne model moves within the shielded encixsure, as 
well as the recognition of the positions of gree- 
test of lowest hezerc. 

The same ciagrams of “ig.2, except fcr a dif 
ferent source position (z'*2m), are shown .n fig.& 
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Fig. 2 = Resonant cavity without absorber, 2'=2m. 
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The valuee of P, are the sane of Fig. &. 
. ww . 


Analogous considerations can De made for these cur 
ves; however, the varietions of the absorbed oc ver 
with the frequency are much greater (70 dB) then 
in the previous cease. It is worth noting that the 
normelizec SAP levels et #*90 MHz for z'*2m are 
about 50 dB lower than in the other ceses. 

In the limits of the model edopted, this 
wouldbe avery sefe condition of interaction betw- 
een source anc men. As can be seen,tris is due to 
the fact that, et #90 MHz anc z'=2m, the source 
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is locetec at a minimum of the electric field &,60 
that the power rediatec, @& well as the power ab- 
sorbed by the biclogicel body, is very low. 

The comparison between fige.2 and > shows 
thet, for a given frequency, the picks of absorp: 
tion occur at the seme man positions. ‘he source 
position, in fact, does not affect tne resonent 
frequencies of the structure, but only the redie- 
ted power, thie quantity reaches ite maximum when 
tne source is located at @ maximum of E, along the 
z cirection, 

Fig. 4 shows the behaviour of the hazerd coef 
ficient, r,, of the cavity exemined, supposed to 
have per ectly conducting walls, es @e function of 
the frequency. It is worth stressing the existence 
of @ maximum of r.{V160) at about 60 MHz, which 
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a function of the frequency. 


wouls be therefore the most Gangerous frequency 
for the structure examined, 

Since biclogicel effects depend not only or 
the average SAR, but elso on the SAP distribution 
inside the tissue [9], we have plotted (Figs.5 and 
6) the isoSAF lines inside the model placed in 
the structure of “ig.ia. These distributions are 
compared with the analogous ones obteinec when the 
model is plecec in the reference structure. Altt- 
Ough only two particuler cases (corresponding to 
the maxima of r at #96" MHz, 120 MHz in Fig. 2) 
heave Deen presented, no energy focusing effects 
nor hot spots seem to occur because of the presen- 
ce of reflecting wells. This is due to the human 


model assumed; in our opinion, Nowever, focusing 
effects would probably come out even in 4 olane 
myman model, provided it does not occupy the whole 
meight of the enclosure. 
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Fig. & = Comparieon of ieo-SAF lines within the 
mode! irradiated at f=t0 Miz: 
) in the reference etructure 
b) in the ehtelded enclosure (source poet 
tion s'=1.ém, model poeition d=4. dm). 
The teo-SAP linee are normalised to the 
average SA® values. 


So far, we have supposed that the cavity “ave 
perfectly conducting walls, and that all the power 
radiated by the source be assorbed by the oiclogi- 
cal tissue. A model of an actual enclosure which 
is closer to reality is obtained by considering 
the cresence of an absorbing layer, as indicated 
in §ig.*a. In this structure, while the maximum 
possible absorotion (i.e. the hazerd coefficient 
r,) will be likely less than in the totally reflec 
ting cavity, the cerameter r,, i.e. the maximum 
absorption for a given source position, may be gre 
ster than sefore. "se absorbing layer, in fact, 
nas the effect of modifying the eigensolutions of 
the structure, anc thus the distribution of the 
EM fielc. 

The values of the average SAR, normalisec 
with respect to the values in the reference conci- 
tions, have been then calculated for the structure 
with an absorbing layer 50 om thick, having @ com- 
plex permittivity €,*3 - j 3.1. The results obtei- 
ned in conditions similar to those of “ig. 2 are 
shown in =ig. *. Lower variations of the carameter 
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average SAR = 0.025 Wide? — average SAR 0.912 Biden? 
Fig. 6 = The same ae Fig.é except for fz120 MHa, 
d=4, Im. 


r with the man position (v1? dB instead of 20 GB) 
and with the *requency (~ 20 4B instead of 30 gB) 
are ootainec when the absorber is used, "hough not 
conclusive, these results are incicative of tne 
effects of partially reflecting walis on the inter 
action anc suggest thet the most Gangerous condi - 
tion of interaction is tnet which occurs in @ to- 
telly reflecting cavity. 


4, CONCLUSIONS 


The interaction between a r.?.source anc a bio- 
logical body wit*ina shielded enclosure has seen exa- 
Mined. Even though tre model adopted was rather 
rough, it has highlignhtec some basic aspects an 
led to some interesting conclusions. First, the 
existence of reciprocal man-source-enclosure inter 
actions demonstrates the inadequacy of safety stan 
dards based on the exposure concept, i.e. on the _ 
hypothesis of biclogical bocy exposed to plene 
wave EM radiation. ‘he approach based on the eval. 
ation of the power density absorbed by the bocy ~ 
is, on the contrary, much more meaningful. Seconc, 
our specific examples stress ‘the depencence of oc- 
wer absorption on the position of man and of the 
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[Text] Abetract. “~"e emission levels of tre sore sommon or typical *.F. *ieic sour- 
sea “or which *ezere srot. save arisen are analysed anc corparec wit tre 
safety stancar@ existing in te woric. Problems arising in te eva.vation sf 
sompiex spatial anc spectral fleic configurations are ciscussec anc te ore 
sotentially “ezercous situations are ingiscatec. it is observes that ‘ezarc 
srotiems can Wily ce expectec in restrictes ereas ot so0ts) cicse to Sower- 
‘ul sources (essentially, ‘eating apparatus). “ne teasurement Srob.iem is es- 
sentially tat of measuring reactive fieics. 
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in recent times attention has grown on the oro 
ciem of te “aezercs connectes to exsosure to 9.F. 
electromagnreti: ‘ielcs. As a setter of “act, te 
real stir Segen around **@ Late Sixties when 
“ews *“irst soreac in tre western Countries apout 
soviet vnion safet, stancercs whic” were oroers 
3 magrituce lower sen the commoniy accestes Ame- 
ricen anc European criteria. Vow, after sore then 
ten years of “ot cepates, tre situation is ‘ar 
from being clarifies. "ere is .0 general accepten 
se 3* @ SOM™MON exposure Stancarc anc, sorse **an 
thet, tere 18 70 general agreement a8 to whet *‘*e 
narmful effects of ®.F. *ie.cs are. wit” te exce- 
Sstion of 3 *@w well-*"Own @**ects of terme. ofi- 
gin, w@ SO 70% “Ow wheter te $0°ca..00 TON- 
-enerma., effects are *5 Se connmectes 15 *"@ #.ec- 
tric or the Negnetic “ields, te Sower density, 
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energy, sensity, specific aosorction rete, snoter 


energy, DOcy currents or Sotentiais. “is ia te 
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ever most *reque ti, the ones where Sengerous ie- 
v@e.8 are NOt founc. "he "ore compie circumstances 
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a\c LecMilGves Of Measurement anc Gate afe.ysis 
comparable to the complexity of the situetion 
being cescrives, 

if the #6. Owing we will a%e.yse the emiseior 
-@veie of the more Common OF tyhicel Sources for 
which Nezere prebieme fave arisen if the pest, 


«+ PADAR AND RADIO AIDS 10 NAVIGATION 


when Radar Frightene wat tre banner head) ine 
of @ Gally peper with regeros to the instelietion 
of an Air Traffic Control Redar near Livorno, iteiy,. 
“ore Granatic erpressions were usec in connection 
with riots ageinst @ racic beacon te be inste.ies 
on the Coast near Le Spezia, 

we exvaminec the hezarcde wilt’ GOu1c Gerive 
‘ror these apperatus. In both cases the equipments 
were Gesignec to irreciate regions of space inac- 
cessitie to people. "he redietion ieveis have 
pee evaluates on the basis of the cesign specifi 
cations, being the plents yet to be Sulit. Auxi- 
liary "easurements were mace on aiready, operating 
systems of the seme type. 

The @n@lysis of the power Gensity versué cis- 
tence from the source, in the direction of maxi- 
mum irradiation, gives the maximum possibie lieve, 
in tne far fielc region anc slliows @ fairly appro- 
ximatec evaluation in the proximity anc intermedia 
te zones. The Calouletion of constant power densi- 
‘y Curves for values corresponcing tc the edoptec 
sefety stencerce permits to locate safe enc nazer- 
sous zones. Ir tre iece of Itelien stendercs, re- 
ference hes been made to the most restrictive 
stancerce existing in the world. 

The above mentionec ATCF is similar to those 
already operating at the Rome anc Milen eirporte: 
*,6 Me pear Dower; 2.6 us Sulse Guretion,; 450 Hz 
repetition rate; center frequency 1302.5 MHz. Pos 
sible operation in Giversity with two trenemitters 
gives @ total everage Dower of 4500 Ww. The anten- 
n@ is aDout 10 « 3m jerge, with @ maximum gain 
of 36.5 6B, 2° peer tilt ebove the horizon; hori- 
zontel beamwicts *.2°, vertical peamicth 2°, me- 
ximum seconcery lobe level - 30 6B. The antenna 
rotetes at © revolutions per minute. 

The cease of @ roteting entenne leads to the 
orobier of non-stetionery fielcs. ‘wo epproeches 
neve been usec in Gealing with this case. One 
[2] consicers tne irrecietion everegec over one 
antenne revolution enc maintains the low sefety 
A@vOLE S2ES0CLSt OS wit” continuous exposure; te 
otrer [3] consicers tne average power censity with 
the entenne stetionery Sut @liows for higher per- 
missiblie levels. ""e former criterion wet edoptec 
ir Our ce@lcu.setions. 
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igs’. '"e Streieamt saine oF the rig™t repre- 
erte the far-*jeic range dependence, For the bur- 


eee of the Present treatment the fayieig® gie- 
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‘ = Power Gensity versus Gistence in the ¢ci- 
rection of maximur irrecietion ‘for er 
A,OR apperetus. 


Fig. 


lengt”) cam be cOnNSicerec @ acceptebie aepproxive- 
for tne far-fielc boundary. it cen be seer 
the level of © ww/or*, consicerec safe for 
tne Soviet Stendercs, ié 
of ebout 300 & from the an- 


tior 
that 
SONtinvoOvt Gxposure dy 
ecrievec at @ cistence 
tenneé. 

For short Gistences from the entenne the 
orger of @ few antenne apertures ‘tne ‘ie.c wee 
@velvetes consicering uniforr illumination of the 
antennae aperture anc @ Derel.el bear racieting 
‘rom it witt negligible ciffrection. "ne Dower cen 
sity 5 et @ Gistence r, everagec over one entenne 
revolution, is true in this region: 


ad 
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ge eet gin™!(0/2ar 
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wrere 4 i6 the eree of the antenne aperture, © ise 


the Manimum Norizonte, Gimension enc F., is the 
average Paciatec power, “Ne ocurve is interruptes 
ieft sige of fig.’) at @ Minimum Gistence of 

ove whLCh is the Paciv® swept by the entenne whi- 
ié POoteting. ‘he Dower Gensity et this point is 
&,3 mw/om", ene this ie the maximum veluve of § te 
be @xpectec if the espace surrounding the antenna, 
if the antenne stopped ite rotetion thie maximur 


POwer GeNSity would be Gouvb.ed. 


in the intermediate zone the power gensity 
ca” vary Over @ range approximate.) representec 
by the snadec area of fig.’. 

mumen exposure in the direction of maximur 


iffaciation is in our case @ very unlirely eccur- 
rence ang tne calcuietec ievels ce %6t corresponc 
to @ real “aezerc, being the region inveives inac- 
ceseisie. A Setter representation in tris respect 
san be sbteines Sy tracing constant sower censity 
curves togetrer with the position of tne nearpy ac 
c@Ssicie places. ‘his is shown in fig.2, where the 
PaGiation intensity outsice the main Seam nas been 
assumec to be equal to that of tne maximum secon- 
sary iobde. can be seen that no accessible oila- 
c@ is within tne curve corresponcing ts a power 
geneity of 1 uw/om, 
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It c@n Se conciuGec t*et the apparatus is not 
“ezarcous for the civi. Sodulation, even wit" res 
pect to son-trermal reversitie effects, furtrer- 
"ore, everywhere in the space surrouncing te an- 
tenne trere are 10 rishs of trermnal ef*ects. 

Similiar consicerations ‘eve Seen Seve .opes 
adOut a typical ‘ACAN racic beacon. TACAN systems 
operate in te *requency range #£0 ? a 
r.?. SOwer is Sulse "Odulatec Sy 4 gaussian-snraped 
Suilse 3.5 us iong with @ repetition rate of “290 
Suils@s Ser seconc. "ear Dower at te grounc trar 
“itter is ¢ SOwer 109866 Séetween **e 
ter anc tre antenna cen be assumes to Se 
order sf = se. @ antenna "as an 4a.70st 
reciation settern in tre *orizonta, 
vertical siere tre cirection of saxinum irracie- 
tion is @ “ew segrees (5° sur case) above te 
“orizor, a gain 3f # The antenna is atout 
*.5 *% .OMg ONS is tySiceiiy “Ove- 
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* ig. - A representation of Dower gensity arounc tre 47°CR apperatus. SGua. SeNsity cufves anc scre- 
"atic represent ation * &£™@ re,evant surrounding 5.aces savG 3o asBayie 


2 :,a at: P ye? erei- ‘ i. ar 2 ‘ 
:, sicerirg € antersa a3 @ s0ursce 3¢ sAifsre 
22ST lca. wOves, 2.782 2 48.et 3* . ao i§— 
S"@ Srctective race. 1 
a -~ 
"=~ wi a= = 2Psur ava as aa i \ 
d tenon begn ne 
Qiculates on tne casis of @ tyoice. verticai ra- 4 , | 
Sdetion pattern for two different antenna “eig*ts i «= ; ——=—— seleeee teiget te 
3 tre results are sresentec in fig.3. ""@ ower “ ,; | 
Sengity remains Se@.Sw 5 uA oF everywhere. _ 
in operating systems the situetion is compi:- eo ~ t ' A 
yates Sy *™@ Sresence of “ences anc ot er ‘ete.- 7 / ; ' 
ic structures. "is was 5°@ Situation of ts s~ ' } " 
TACAN @Guiom@ent operating i= Fisa, Of whist” we ] : H : 
performes “ielsc *easuretents. “e center of **e _ ot 1; ' 
antenna is at 19.5 * above the grounc level. 4 ~e- ij W \ 
tallic een “ence, <.5 * 3 Meters “ig, surro.nrce a ~” — 
the apceratus at @ cistence cf about '0 7 from i 10 100 1080 
ene ant > a tm : inte Tre sower seneic OISTAGCE (a) 
_ 4 es.rec at *. ; ¢27e ¢rour even, 
4 "= ; /@ sve. Temains 3: 
Pig. 3 = "ACA racic seecors; cower sensity vers. 
about 1/790 of the sefest permissible level. of of 


saSl Once BL TO grounc .@ve. ©OP SwS 33** 


The “@aGurement tecmigues requirec ‘or the 
sing of apparatus exeminec so far are merely tho- 
e@ involvec wit” recisetes Sower. . 

- _ . time. Let us consider tne case of the ATOR previ- 

ne OSt relevent measurement orobler is met - ; 
‘ ~~ ape ith comatnn er renenen GOuSly Ciscussec. ‘he entenne revolution time is 
with "igh-power rec wit cenni otat - ; 
= . na te i - pal . ana « 6 ~"lle the mein-deer isiumine.ion time et 6 
bees. wie hes it cS tc - v . . 
ones ne 6 . : of the fime@c Siece is about 0.1 s. These figures must be 
@veragec wit’ espec*t tc ty ¢ t 
. — compearec wit’ the time constents of the commercie! 


ferent “e@ig"™ts o* *"e antenna, 


Duls@ "OGuletion) which ere strongly varying in 
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Fig. © ~ Power Gensity versus Gistence measures et the height of 4.5 ™ above the grounc level. 
TACAN racic Deecon at Pise eirport). 


reciation monitors, typicelly 0.5 #4 6. Measure- OS® where the maximum fieic intensity in @ space 
ments cerformec on the Meld uncer normal opere- open to public can occur. Although the croeccest 
ting conditions of the apperetus then require « Stetion’s oroperty is usu@lliy fencec to seep un- 


Suitebie *eesuring tecmigue anc Gete processing. eutorizec incGivicueis out, the fence can often 
be very Close to the tower bese anc peopie can get 


3, GROADCAST RADIATION 66 close es @ few tens of meters from tne antenne, 
enc even less. Being the wavelengths involved sc 
we ‘eve ticipetes in tne Introduction tnet long, we are again in @ near-field situation: « 
experimerteal evidence Genies tne possibility of fieic strength consicerebly greater then the theo- 
esigeric exposure ‘rom broeccest stetions: AY, F* retical grouncd-wave field strength is to be expec- 
arc *\. here remeine to ‘*hecr the possibile exi- ted. At tne Florence-' orosdcest trenenitter of 


to the sources. Such situation can exist in intensity velues of severe] tens of V/m in the 


sterce of limites erees of substentiel irrecietion ‘he Itelien national networs we cen observe fielic 


.108e 

oroximity to very SOwerful, grounc-level trenemit- closest free-eccess surroundings: about 100 V/m~ 
cers, wich is the cese for some regione] A” tran- m8 et the neerest point of the fence (cistence 
emitters, Trere is @ secorc cese, which cen be mo- Of edout 25 m from the tower bese) anc adout 50 


re interesting. Ir severel ceses, urbe ereas are V/" in tne public roac thet coests the fence. At 
servec locally by low-power, in-tow repeeters. the nesrest Ouilcing(@bout SO m) one hes 15 to 20 
“nese ere Dlecec most conveniently on top of some V/m in the roac (tne Guiicing is interposed bet- 
public Sudicing, suct @8 @ school or @ public of- ween tower enc roses). No meesurements were perfor- 
fice. "his creates the possibi y of stray fielos 6c insice tre SKulidings. ‘he redic stetion hes 
in @ Censely copuletec, restrictec volume, cirec- 86m there for more tnen heif @ century enc for 
tly below the &.*. source. @bout 35 years in tne present configuretion. 

Loce. A” transmitters ‘inc wicesprees use in 
th cities, where they accomplish tne tast of as- 
SGuring coverage on Diinc spots or Gisturbec erees. 
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A typicel Migh-power, mecium-wevelengtn -rens- 
hale 


mitter cen feve @ Dower of C aw, Clus up to SO 
kw of mOdUletion power. This is precticel.y tre 
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té 1025 w Ot the empiifier 
that Ga” be er bectec te 


@ tybice. errangement, 


Powers Pavge ‘for 
thet ane we? 2668 thar 
be Fecietec inte epece. if 
the trareritting MO@Gu.e 18 .0Ge@tes i” a Ottic, 
‘me reciating 6,ster is fee vie & GO@nie. Cabie. 
it consists of @ Gipcie over @ grounc 5.ene OF 
sounterocise ieic ciresti, or tne root. More trer 
one tran@ritter cen serve te same raciator, ‘he 


pectie ir the Suilcing live Girectiy below the re- 
Sietor. "Sie i6 @ Gase where the redietec fieics 
go not enter = practic@..) = inte Bieys the sitvue 
tion i essentially Gominetec by the grounc piene 
ac earthing system. Olspiacenent or conducted 
currente cer set up fielce in @ compliscetec pat- 
tere inside tne Building. 

if @ Specific case we exerinec, there were two 
trenemitters in @ sonoo, (1962 anc 1602 anz, ‘900 
» Nomina, eac*) operating in @ configuretion sucr 
ae tre one just Gescribes. Sostantial veives o¢ 
electric fie.c strengt® were founc in the top sto- 
rey of the Suliding, with e Secegrounc ievei of 
‘ veme/P practica@lly everywhere enc locel reinfor- 
C te in some rooms where velives of 10 to '5 V/r 
Souls be Observes et chilcren’s neignt ens 2° V/r 
or more at man’s heec “eight. The contributions of 
the two tranemittere to tne tote. fielc were com- 
Sarabie in magnituce. No significent magnetic 
*ieic wet observes. Strong reinforcements in cio- 
S€ Drosimity tO extenced metallic structures suc 
at the "aime networ* or water oiumbing suggestec 
the presence of significant stray currents, 

The abOve Situation is one which is epsciute- 
ly safe in the iigm of criteria besed on therm) 
effects, whith would @.low @ fielc of 375 V/m mms 
in this frequency range [*]. we are insteas at 
about the limit of the more restrictive non-ther- 
"@. stencerce. In this case, we suggestec that « 
better earthing system enc @ better control of 
‘"@ Stray currents s®oulc be estedlisnec, mainiy 
Coviete the unpleasant situation of @ possibie 
erretic enc uncontrolles fieic cistribdution. 

YOu a) Neve Noticed thet we have stetec tre 
rom 6. value of the totel fielic. Sut now the ree) 
probier comes. in @ cease, like the one we ere con 
sicering, more ¢ one e 
GO NOt know NOw to & te results 
with the safet &. We GO NOt HOw how the 
@.m. fielos adc biclogiealiy. Apparently tnis ve- 
fy besic probier hes Not come ecross the minds of 
the meny experts who fheve issuec or commentec the 
non-thermally-besec stendcarcs. In @ tultiple-fielc 
exposure (note tnat this includes @elso the single 
source wit narmonics - 6 very importent case) w 
ere first facec with the problem of separating 
the single contributions tc the overell field. If 


we ere adopting @ therma stencerc, the therma) 
concept iteel’ suggests thet the Fits. veive be 
comerec with the sefety levei. In generai, Owe 
ver, the single components will be weighted ciffe- 
rentiy acoording to the frequency, dependence of 
the sefety level, enc thie unfortunately Ningers 
the straight forwarc use of the widebans root «sum 
“of-the-equeres, cirect-reecing instruments (e.é. 
Aeritelie, Nerge). wren it comes to fon-thernai 
stenderce, then, we Go NOt even HOw how to super 
impose the effects: shall we tere the adsciute 
maximum inestanteneouvt value’ the average over @ 
specifies periog of time? the amplitude of the iar 
gest comonent! the r.m6.? anc 60 On. In Gur ce 
ee we “erely chose the rom. 8. a8 the Natural way 
to superimpose uncorreletec variables. 


6, RF INDUSTRIAL HEATING MACHINES 


Snort-wave Gielectric or magnetic 
machines ‘inc wisespreec use in ingustrie, tesme- 
,0gi5@, processes. "Ne frequencies invoivec are 
ir the renge of the “Mz, often one to ten Mhz, wit 
Oscillator SOwere ranging ‘rom the ew to @ few 
tens of AW, ud to well seyone ‘OC *w for extrete- 
ly DoOwerful units. Their “requenrcies cc "ot eppeer 
to comply witht @hy reguietione suc es tne US FCC 
a@i,ocetes bance. ""€ iearing ‘ielcs co not appear 
to be orimariiy reletes to tne osciliator power 
per se, but rether to the applicator geometry anc 
te the grouncing enc earthing scheme. 

Dielectric-iose heaters “inc wisespreac use in 
the furniture industry for Grying or oencing our- 
poses anc in tne plastic incustry for sesling our 
poses. *he epplicetor consists of @ peir of con- 
Genser p.etes, whose shape anc cistence anc whose 
position with respect to the energy, source can be 
widely veriebie. Fig.5 shows the electric ‘ieic 


Ve Gistence benevior for @ unit whose eiectrode 
georetry, DOsition enc grouncing scheme appesrec 
perticuierly favorable. The electrodes are « peir 
of plene, wide (1.3 ™» 2.5 ™), Onc closely spe- 
ced (2.5 om) meteliic pletes, very close to the 
R.F.oscilleter cabinet enc close to the grounc ie- 
vei (60 om). A short grounc pet connects the lo- 
wer piete to the common ground enc earth. The no- 
mine] cscilletor Dower west about 25 Ka and the 
frequency wes 4.5 "Mz. Power enc frequency stedi- 
lity were gooc, wit" incicentel ©” of iess tne 

1 wez. The electric fielc show in fig.5 (pear 
velue) wes measures @l1o%¢ @ Centre. line perelie: 
te tne long sice of the epDb.icetor, et the gep 
18 meesurec ‘ror tt piste 
*ieic essentially repre- 
con- 


center. The Sistence ¢ 
edges, Outwercs. **e £ 
serts tre ‘ringing ‘ieic ieering out of the 
Cerser Sietes. It is sudstentielly vertice. 
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ena a an in ene en DENGINE ONE ~ivercuring Of wood), in thie case, 
‘Owever, widesprea@e .eanhage fieide were found 
C'POveN@ut the POO, e@essentia.iy Supported by e- 
‘engec Metaiiic etructures, such a6 the electric 
‘etworh, Comressec-eir tubing, ventiietion auete, 
‘eleliic gates, ‘he frequency and power stability 
were @180 fOund te be poor, with marned verietions 
@iong the neating cycie, frequent neec for retu- 
Ning enc @ enert-term incioente, FM of 10 te 16 
oma. The leon Of Stability refiecte upon the iee- 
ring fieiGs, with essential, uipredictaebie time 
ac spece variations. The eappiicetor electrodes 
were 6 Deir of curves plates about 1m « 0.7 m, 
wit" @ separation of 1.5 om anc they were pleced 
Nigh above grounc (1.8 m) and distent from the 
OBCillietor cabinet enc the supporting structure 
eae err ae eee ee \oressure Dlates anc frameworr). The hot enc gro- 
une le@ce imetal straps) were fairly long, erounc 
one meter or more, anc this certeiniy fevorec po- 
dice) tential cifferences emong the verious parts of 
th ic@@liy coMmMen grounc enc between this enc 
te earth, anc coupling to the externe]) structu- 
res. Power anc frequency variations were conse- 
Quent to loading veriations curing the heating cy 
cle, es refilectec onto tne oscilletor. 

The electric fielc was measurec along @ cen- 
tral line away from the applicator gap ecge. Fig. 
€ represents tne — fielc (rms value) vs. cistence 
for this case, in @ presentation similer to tne 
previous fig.5. Severe. reacings were tanen at 
Gifferent Gistences enc times curing tne heating 
Cycie anc over several cycles to teke the erratic 
veriations into account. A least-squeres regres- 
sion iine of tne type —E = A o” wee agein fitted 
weict is the velue corresponding to the fieic of to the experimented pointe. This time the exponent 
@ static electric dipole. The geshec line is @ re- Sic Not identify @ specific negetive (integer, or 
gression of the type E+ A’ co”. This benevior BSSERESy SHESSGENGS) Sauer of the Ghetenee: fk © 
crongly Suggests thet we ere in tne presence of ° 1.8, indicating @ more complex structure of the 
® quasi-static reective fielc, closely bounc tc field sources than @ simpie electric dipole. In 
tne applicator structure. This certeiniy repre- 6 case Such @6 the one in this exemple it would 
sents @ very Sesirable situation. Adcitionel iee- certeiniy be imprecticel to Gepict #11 deteils of 
nage {10108 @ppeerec to be essentially of the -nn- *i™® GNC Space variations of the field. This would 
guctec type. They mostly concentrates closely NOt Be good engineering prectice, enc, efter eli, 
giong the edges of the metallic losding-piene fre- % i*Properly performing machine Goes not deserve 

Suc expense anc effort. we Neve chosen instead 
to Geel with the problem on @ stetistice] besis. 
The criterion we have edoptec is « follows. Once 
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Fig. & ~ Electric fieic leaking out of @ Gieiec- 
tric-eater versus the Gistence from the 
applicator edge. Solic line: best fitting 
power regression (exponent -2.95). Oesned 
line: inverse cube regression | exponent 
*3). 


it i¢ Girectec ecross tne gap, a6 it snoulc be. 
‘ne line connecting the experimental points | solic 
line represert « least-squares regression of the 
type £ + Ao", where A anc + are constents to be 
seterminec. The exponent + turns out te be -2.85, 
anc tye fitting is very gooc (correletion coeff:- 
sient 0.899). The exponent is very ciose to <3 


neworr., ranging from 7 to 20 V/m (peak). Further 
cere in grounding ec eertning te structure shou- 


io possitly reduce these values substentielly, wi- 
thout resorting to probebly unprecticel R.F. cho- @ sufficient number of experimentel points hes 


ning enc bypessing tecmiques. been tenen anc @ Suiteble regression lew oetermi- 
Anotner exemple of ®.F. cielectric nesting me- "8S. the Stencarc Gevistion of the messurec fielc 
shine shows @ somewhat cifferent situation. The pe- Velues from the expectec velues is computed enc 
sic Cete ere comparable to those of the previous the curves Gevistec from the best-fitting curves 
exewie: *requency 7 MHz, nominal oscilietor po- by 2 1 StG.dev. ere plotted (long-deshed lines 
in fig.6). The area inside the curves corresponds 


wer 20 &n. The type of service is ebout the seme 
to fielc velues Gevietec from the expectec velues 
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on te! , 
. ose eee 8 Oeiete average +6 ester jec conver ient sy if < ime : nis me = 
m Goedle caper points ° 


a a 4 ’ , * > . _ 


‘We @:80 takes inte account rengom or quesi-ren- 
1a" variations Broguces by external agents, suc! 
ss Movement of persons or materials or equipment 
the surroundings. Fineliy, thie criterion pe- 


N@iazes from the regulations point of view the 
manuta@cturing of unetebie machines, which ie alec 
@ Gesirabie feature, 





‘eo hC 





Fig. & = The same representation as in fig. 5 
in a different apparatus Showing @ Must 
wicer scattering of the measurec véaives. 
The Dest-fitting power regression is re- 
presentec (S0.ic 1ine) along with the 
curve’ Gevietec by one |iong-casnec ii- 
"es anc two (short -cesnec .ines sten- 
Gard deviations. 


by less than * stc.Gdev. The curves devieted by 
¢ 2 etc. Gev.'s are @lso plottec in the figure 
(\enhort-desnec lines). The sefety stencerds ere 





then comperec with the vaives predicted by the 

best fitting curve pilus one stencerc devietion. Fs ' Dot 4 4 , ,; ,; 

9 ; Bs - Uptica, ber ore nh machine: ger 4) 

nis is @ more sensibie procedure from the physi- awing ma e: genera 
Views 


o@1 point of view than merely tehking the average 
or tne highest valves observes at @ give point 
at severe. times, or @t several points at @ given 
time. This procedure gives « more reliable enc 
possibly @ sefer Geterminetion by taking edvente- 
ge of the correletion among velues et cifferent 
points anc cifferent cistences. If requires, the 


The other class of heating mechines is repre- 
sentec by the magnetic-induction type. This is wi- 
Sely usec for tne heating through eddy current 
iosses in metellurgicel techmologies, or in eny 





sefety stancercs can de comperec with the curve tecmologies which may require @ highly clean pro 
augmentec two Stenderc devietions. This would CeSS (6.g. zone refining). One such machine is 
se, for instance, the cease when one comares wit being usec for the fusion of quartz in the draew- 
@ absolute maximum vaiue (zero exposure time). ing Dp ocess of optical fibers st 1.R.0.E. A six- 
me full-time, or working-Cey exposure limit teen-turn soienoic, 16 om ir Giemeter enc 16 om 


, ~ ] . *. ~ ~@ ; . sere” * — 
woulc insteec be compares to tne * etc.d@v. cur- s0ng, "eets the crucible to 2000 C. The oscilie- 
“ 


ye. It is evident thet this procedure reediiy tor power is 2.5 *W et @ steble frequency. 
lenges itsel’ tc the sistemizetion of the measure- The nesting enc Grawing epderetus is enclosec ir 
ments in comole» environments, enc to the enfor- @ Diestic/mete, box, see fig.7. There is @ groun- 


«g@nent of stenderc measurement reguletions. If the G@C Sfieic for sefety purposes, in tne form of «e 
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meta. Desir just underneat’ the coil, directiy 
groundec to the oscillator cabinet.This is in turn 
efficient, eartnec, when the enieic ie not in ple 


6, ONG f3NGS severe of 100 V/m in the room ang 

" Near the applicator (50 an), at isocetions 
where Se Operators have access Guring the process 
SO contro. the fiber growin. These fielc vaiues 
were consideres unacceptable ‘rom tne safety point 
of view. wit the agdition of tne enieic, tre 
field in the most Gangerous region is reduces from 
1900 to 100 V/m. At man’s neec height within tne 
DGx one fings about 70 V/m anc ebout 4 V/m outsi- 
Ge the cebinet. Conductec interference along the 
Dower core gives < to 3 V/m maximum. This can be 
sonsiceres perfectiy satisfactory. 

The magnetic fields never reacnec veiues of 
concern. With the snielc in piece the velues re- 
main of tne order of C.1 A/m ecross the dox. Only 
in tne immeciate vicinity of tne applicator do 
the = values rise ebove 1 A/m. ‘he nearest point 
accessibie with the machine operating is near tne 
shielic (15 om) where we have *.4 A/m 

we can conclude that the order of magnitude 
of the stray fielcs to be expectec in connection 
with RF neating is of hundreds of V/m in tne vi- 
cinity of the applicetor, with magnetic fielcs of 
the order of 1 A/m or less. The strey, or frin- 
ging, *ielcs of tne applicator itself can be ex- 
pectec to rapic.y decay with cistence with nega- 
tive powers lower tnan-1, Gown to <3. When sud- 
Stentiel values of fielc strength are founc away 
from the source, these are to be attributec to 
conductec interference along metallic structures 
anc not to radiation. Coupling from tne generetor 
to tne surroundings is likely to be due to impro- 
per instelletion of the apperetus, meiniy tne po- 
sition, grouncing enc earthing of the verious 
perts. A good control of the shielding of the hot 
parts and filtering of tne power lines may 8180 
be requirec. with @ reasonably gooc care of the 
above requirements, velues of fielc strength com- 
plying with the most restrictive stencercs shoulc 
be attained, everywhere Dut in the inmeciate vi- 
cinity of the applicator (sey, | meter). 


wre . 


5. SIOMEDICAL APPLICATIONS 


Therapeutic applications of R.F. anc microwe- 
ve Ciathermy typically generate situations of a 
complex e.m. environment in @ restrictec space, 
with tne possibility of several hot spots. These 
ere attended both by petients enc by mecicel per- 
sonnel. Typically one nes the simultaneous ore- 
sence of severel appliances in tne seme room, et 
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noth snort=wave enc microwave frequencies, 

There appears to be a fair cGegree of stancer- 
Gizetion. In prectice one finds tne 27.12 Mmz fre- 
qQuency for the short-wave diathermy anc tne 2450 
Mez for the (less Gdiffused) microwave diathermy: 
both frequencies complying with tne IS" bands ai- 
located by the USA FCC. Powers are typically 400" 
for snort-wave anc 120 to 200w for microwave ap- 
paratuses. 

The short-wave appliances we exeminec were al. 
manufacturec by two big internationa, firms,anc 
they turnec out to perform essentiaiiy the same, 
from the safety point of view, the principal che 
racteristicse of the strey fielcs being primarii, 
Gue to the geomets, of the applicators, which 


turPnes Out te ore or less stancearc. The types 
of abpiicetor are: 8) single ccoii, for large fiat 
erees; S&S) Gu@l coi, for the treatment of limbs or 
soulser or " sices; c. fiexitie ceble, about 
to be erounc iimps, or trunk or nec, 
wier capecitor, edout ‘5 om ciemeter, 
for the Sa@ic app. icetions es in 5), possibly witr 
wiser sepere’ ions. 

Tre lee-eage fielas ‘eave Dee” measurec wit? 
the @pperetus in norma. opereting conditions enc 
ith t patient in position. Again, it nes been 
founc that te reievant quantity from the safety 
point of view is the & field, tne + field never 
reaching véiues conflicting wit® the sefety stan- 
cercs. 

Tne capecitor is by far tne type of applicator 
wich gives rise to the largest amount of stray 
fielcs. we give ss an example the values observed 
for the typical situetion of e petient in tne sit- 
ting position with one arm in the applicator, see 
table i. 








Tadie i 
Point of observetion E #ielic (V rms/m) 
eye 650 
aocomen 1000 
croten 750 
pec 350 
Tne E fielo is 400 V/m et 1m cistance enc rises 


et 1000 V/m near the feecing conductors (30 cm). 
At tne control Doers of the cabinet one finds 50 
to 100 V/m. 

The otner types of epplicetor sre much more 
favorable from tne point of view of stray fields. 








@ gouble-coi) applicetor pieces on tne shou. 
strong fielos are only founc din close proxi- 

© the epplicator (400 to 800 V/m at @ few 
anc, es before, to the fee- 
sing cables (1000 V/m,. Near eyes ang crotch one 
nas §0C V/m and about 10 V/m et the contro. boarc. 
jlec-cable applicator is, 68 expected, que- 
Lit pant similar, with intense fields erounc the 
cable, rapidly aeceying witn distence (1000 V/r 

at 10 om, about 10 V/m at 1.5 m). 

The #delc structure set up by microwave appli- 
ances is obviously simple compared to the short- 
«wave appliances. In e stangarc set we found 6 No~ 
minal reacietec power of 200W at tne stenderc fre- 
quency of 2450 Mmz. The 3-d5 beamwidth of the ap- 
plicator turnec out to be about ¢ 30° with e gain 
of about 75. A level contro] was capable of about 
40 dB variation in the radietec power. This is es- 
sentially ell tnere is as to the power density di- 
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stribution in the room. Thus the thermal sefety le- 
vel of 10 mn/om® ds reacned at ©.5 m with the con- 
tro] set to minimum power anc at 1.5 m™ with maxi- 


mum Dower. The heating power density ievel in ex- 
cess of 100 mw/om® ig reached at e distance of 
less m. These racietion characteristics 
oint the possibility that 6 substantial por- 
tion power cissipetion take place in parts 
of tne otner than the one being treated. 
thus seen that 8 diathermy lJaooratory 
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is one of *ew examoles @ peotentia. 
exposure multiple sources, anc one of the very 
few places where "ot spots can be found with fi- 
elc strengtnm or power-density values exceecing 
the non-thermal stancarcs. The thermal stancarce 
@lsc must odviouSly De exceedec - for tne PGE SENT 
but this occurs uncer specific mecical contr 
anc is an entirely cifferent matter than the pro- 
lam of environmental nealth or occupationel sefe- 
ty. Care sould be tanen, tnhoug™, that unwanted 
raciation or fields escaping “om tne apparetuses 
fail onto body parts otner tic. the one sudject 
reatment, and also that personne. and other 
en in tne laboratory areé oe unduly exposes. 
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6. MICROWAVE 


ANTI-INTRUDER ALAR™S 
Consideratie concern hes also Deen expressed 
about typically low-power devices such es the mi- 
crowave anti-intruders. One might wonder why one 
shoulc worry about the sefety of the burgisers. The 
reeson is that the device can be kept in continu- 
Ous Operation, with the alerm circuit inectivetec, 


‘- 
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tnernal drift or switching problems,t ws 


exposing tne personnel in the aree to be protec- 
tec tnhrougnout the working Gey. 

With the power, frequency ans type of antenne 
involved, the theoretical and measurement problems 
can invariably be dealt with in the point-source 
approximetion, dow the snortest Ccistences of 
practical interest. Tne frequencies allocated are 

10.525 Guz anc in some ceses &.47 or &,.90 Gmz. In 
any case, tne wavelength is about 3 om. Being e 
volumetric aierm, tre bear is usually spreac out, 
the antenne gein is low, anc so are the antenne 
Cimensions, which ere seldom vLeyond e few cent ime- 
ters across the mouth. Thus tne point-source ap- 
proximetion cen be considerec perfectly satisfac- 
tory for our purposes down to e few tens of cen- 
timeters. 

With @ typical gunn-dioge power of 10 mw and 
@ gsin of 15 dB, tne Soviet occupational sefety 
standard of 10 uw/em* is reacned at @ distance of 
5C com. For reasons of good performance the device 
is tipycally placed et a height above ground from 
acout <.5 to 3.5 meters. It is therefore extreme- 
ly unlikely that @ situation takes piace where « 
person's working position is such as to place, 
séy, nis head within e 0.5 m distance from tne re- 
Giator. 
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7. CONCLUSIONS 


we heave seen that among the many sources of 
e.m. fieics or radiation that nave caused alarm 
in the public opinion and in the tecnnicel and 
scientific community, very few are of some prac- 
ticel concern for the human health. These are es- 
sentially limited to the field of heating: R.F. 
industriel heating anc medical cistnermy. There 
cen De & few peculier exceptions, e.g. power broad 
cest reciation in close quarters. In any case, 
alerr in terms of public environmental pollution 
is never justifiec: substentiel radiation or stray 
fields ere invariably founc in some limited oro- 
ximity to the sources (hot spots). This applies 
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botr nme racietec fielcs, with their one-over- 
“Gistence decay law, anc to the, usually stronger, 
but more rapiciy cecaying, near fields. Inciden- 
taliy, it snoulc be mace clear to the public opi- 
nion thet the so-cellec e.m. pollution is by no 
means accumulating with time in tne ambient as 
woulc for instance be the case with chemical pol- 
ijution. The €.m. pollution disappears immeciately 
efter the source is switcnec off, 

Tnere is one real big problem in the fielo of 


@.™ environmental nealtr, anc tnat is to know how 





tre @.e@ctric or magnetic fieics or @.m, raciation 
interact with tne living orgeniem to cause harm, 
L® AMOwsedge will be Made a@val.able, we 
wisi HOw what the dangerous Quantities are, and 
guarc against accorcingly. Until then, we will not 
rNOw MOw the measured Quantities snoulc be conpa- 
rec tc the safety stancercs. A clear exemple of 
tmia inepdiity is the dimportent prectical case of 
exposure to complex @.m, fields: simuitaneous pre- 
sence of E anc # fields, several frequencies invoi 
vec, either uncorrelatec (mul*iple sources) or cor 
relatec (nermonics). In this case, the non-tnerme) 
tanderce do not offer guicance a8 to Now the se- 
verel stressing agents snould be summes to give 4 
measure of the overal. hazerc. 

The proslems of analysis ans measuremen* on 
the potentially nermful sources ere essential.y 
those of anélyzing complex time - and space - va- 
rying Gistrioutions of electric and magnetic fi- 
elcs. In cases where the r.m.s. value of the over- 
6.. electric or magnetic fielc is an adequate mea- 
sure of tne “ezarc, the commercial square-léw, 
root-sunm-of-the-squares, isotropic monitors of E 
or * fielcs give Girectly the answer. when the sin 
gle components ere to be separatec, more com lex 
tecmniques are needed, up to the complete spectral 
analysis by means of E anc & polerizec proves, R.F. 
couplec to tne receiver. In ell cases where the 
sources ere unstable or random, statistical tecnni- 


noe th 


Ques of measurement @ c cate analysis can solve 
the problem. The stancards to come coule adventea- 
geously ecquire this concept, 

Finally, it is tne feeling of the Authore that 
it is possibie to comply even with tne present 
most restrictive safety standards, in all precti- 
Cal cases of R.F. and microwave sources. The tech- 
niques requirec, i.e. grourding, eartning, filte- 
ring and shielding should not add significentiy 
to cost and ease of use. 


Menuscript received on October 28, 1987S 
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[Article by Claudio Egidi, of Istituto Elettrotecnico Nazionale Galileo 
Ferraris, Torino, Centro di Studio per la Televisione del CNR, Torino, and 
Istituto di Elettronica e Telecomunicazioni, Politecnico di Torino: 


"Electromagnetic Compatability (EMC) Today: A Review (1979-80)"] 


The paper is mainly directed to researchers and technicians 
specialized in individual scientific and technical fields, such 
as antennas, electromagnetism and many others. It aims at sti- 
mulating their investigations towards the theoretical and prac 
tical problems of EMC. 

The main International Sodies concerned, such as IEC, CISPR, 
URSI, and EBU are recalled and their activities mentioned and 
commented on. The most relevant topics considered in the EMC 
Symposia held during the last five years, are listed. 

Work carried on in CISPR and its organization are explained 
in detail. 

Pinally, the titles and authors of the papers contained in 
this special issue are reported and subdivided, under some head 
ings contained in the above mentioned EMC Symposia. 


[Text ] 


1, INTRODUCTION 


Unintentional radio noise produced by 





‘*) This paper is restricted to non-military applications of electromagnetic compatibil 
ity (ZMC) and is mainly devoted to the work carried on in the CISPR. 
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electric and electronic devices has been 
taken into consideration for a long time 
and called “man-made noise", 

Before the second world war, increasing 
attention to this field coincided with a 
decreased investigation into atmospheric 
radio noise, that urged the first genera- 
tion of radio researchers and technicians 
In fact, they were mainly faced with the 
very sensitive receivers developed for the 
long and medium wave reception of relative 
ly weak and distant transmitters. 

Intentional radio noise is a typical 
subject of the war time and we truly hope 
not to have to consider it again. 

While the systematic study of man-made 
noise began around the period between the 
first and the second war, the outstanding 
spread of electric and electronic appli- 
cations occurred during the last three dec 


ades and the consequent expansion of inter 
ference gave rise to a new investigation 
area, called with the new term of electro 
Magnetic compatibility (EMC). This new in 
terdisciplinary science and technique em- 
bodies all the aspects of the radioelec- 
tric coexistence: radio and television net 
works planning, with reference to frequen 
cy allocation, radiated power and radia- 
tion diagrams of the individual transmit- 
ters; any type of radio frequency genera- 
tor not conceived for cummunications; any 
other unintentional radio frequency gener 
ator, such as car ignition systems and many 
other appliances, all responsible for in- 
terference to low level electronic devices, 
typically but not exclusively to radio and 
television receivers. 

However, in recent times another rele- 
vant chapter was opened, considering the 
biological effects on living organisms and 
particularly on the human body. This is a 


af 


continuously enlarging field: @ review ©: 
the most typical subjects and results is 
contained in tne companion review paper, 


py Paolo Bernardi and Guglielmo d‘ Ambrosio. 


2. RECENT AND PRESENT INVESTIGATIONS 
Starting from a rather restricted subd 
ject, that just before the second world 
war was meinly focused on croadcest radio 
receivers as objects of interference and 
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commutator motors as generators of inter- 
ference, attention wage proeressively ex- 
tended to many other subjecte. These were 
ind are carefully and promptly recomized 
and investigated by national industries 
and laboratories and promoted and standard 
ized by national and international Bodies. 
TEC ‘1°, through some Technical Commit- 
tees, Subcommittees and Working Groups, 
but mainly through CISPR (2), takee the 
Charge to follow and coordinate the inter- 
national progress in thie field and to op- 
erate in view of different degrees of noise 





suppression. 

(1) 70 12, ‘hr ugh the WG 1 of SC 124A, will 
be con. 4 ring for some time the meth 
ods of .ssurement of radiation and im 


munity oy radio and television receiy 
ers. Also SC 12F includes a method of 
measuremeyt for radiation of car igni 
tion systems, as they affect mobile re 
ceivers. 
Moreover, WG 4 of SC 12G has the task 
to establish methods of measurement 
and limits for cabled televisior sys- 
tems. 
Other similar subjects are being con- 
sidered in TC 65 and 77: they concern 
problems such as susceptibility and e 
mission of disturbances from industri 
al-process measurement and control in 
strumentation. 
(2) CISPR (= Comité Internationel Spécial. 
des Perturbations Radioélectriaques = 
International Special Committee on Ra 
dio Interference), founded in 1934 as 
an independent International Body, dif 
fers from IEC because it studies meth 
ods and recommends limits for the va- 
rious types of radiated and conducted 
noise. However, in 1974 it has been 
more firmly included in IEC, from the 
organizational and procedural point of 
view. 
CISPR is subdivided in six Subcommit- 
tees, namely: A) Radio Interference 
Measuring Ecuipment; 8) Interference 
from Industrial, Scientific and Medi- 
cal Apparatus; ©) Interference from 
Overhead Power Lines, High Voltage E- 
ouipment and Electric Traction Systems; 
D) Interference Relating to Motor Ve- 
hicles and Internal-Combustion Engines; 
E) Interference Characteristics of Ra 





Relevant CISPR documents are contained 
in the following bilingual pubsioations 
English and French in the same issue) 

TECeCISPR = Publication 7 = Second Ba 
tion = 196° = Recommendations of the CISPR. 

TEC@CISPR = Publication 7A = 1973 = Mirst 
Supplement to CISPR Publication 7 (1969), 

TEC@CISPR - Publication 78-1975 = Sec 
ond Supplement to CISPR Publication 7 


lyéy. 

1EC@CISPR = Publication € = Second Edi 

tion = 1969 = Reports and Studv Questions 
f the CISPR ‘Approved or confirmed at the 
Plenary Session of the CISPR in Stresa in 
1967). 

IEC=CISPR - mH No 1 = May 1973- 
to CISPR Publication 5 ‘Second Edition - 
‘962 Reports and Study Questions of the 
CISPR. Amendments approved at the CISPR 
Meeting held in Leningrad in October 1970. 

IEC-CISPR - Publication 8A = 1973 = Pirst 
Supplement to CISPP Publication & (1969). 
Reports and Study Questions of the CISPR. 

IEC-CISPR - Putl ication 8B = 1975 =Sec 
ond Supplement to to CISPR Publication & (1969), 
Reports and Study Questions of the CISPR. 

IEC@CISPR = Pubiication 9 = Fourth Edi 
tion = 1970 = Limits of radio interference 
and leakage currents according to CISPR 
and national regulations. Section One: 
CISPR limits of radio interierence and re 
port of national limits. Section Two: Max 
imum permissible values of leakage currents 
and limiting values of capacitance and e- 
nergy for radio interference suppression 
capacitors. 

IEC=-CISPR - Publication 16 = First Edi 
tion = 1977 = CISPR Specification for Ra- 
dio-Interference Measuring Apparatus and 
Measurement Methods. 

Publ. 16 has been prepared by SC A. 

Publications 11, 12, 13, 14, and 15 con 
cern methods of measurement and limits be 
longing respectively to SC B, D, E, and F 
‘94 and 15); in other words, these publi- 
cations contain in a different order the 





(2) cont. 


dio Receivers; F) Interference from 
Motors, Household Appliances, Lighting 
Apparatus, and the Like. 

Specific terms are defined in the In- 
ternational Electrotechnical Vocabulary. 
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same Kecomgmendatione and Study Questions 
mertioned above, 

At present, the regular updating of the 
above texte i6 no longer printed, but is 
presented throven etencyl CISPR documents. 

Also URS! initially with relative 
ly weak impetue around 1960, but now with 
inoreaéing interest, taxes care of the so, 
entific aspects cf radio noise, They sepa 
rate the e.m. radiation effects on living 
tissues and organisme from the same ef- 
fects on electronic devices, including nat 
ural radio noise. 


nieniy interested to these pro 
as recentiy publisned the Techni- 
eal eraon ‘. 3175, 1974, entitled "Ore 
ganization of measures to control electri- 
coal interference with broadcast reception", 
by E.L.2. Pawley, CCIR i6 aleo interested, 

All these subjects and several others, 
combined with transmitters problems and col 
lected under the general above mentioned 
heading of EfC, gave rise since many years 
to publication of a special review. This 
publication was initiated in 1959 and for- 
merly called IRE Transactions on Radio Pre 
quency Interference Yol. IV, 1959-6}, 
while since 1964 it has been called IEEE 
Transactions on SiC, Yol. VI. These Trans- 
actions are now being published four times 
per year and represent a fundamental con- 
tribution in this field. 

Some specific books have been publish- 
ed 5). 

Moreover, annual Meetings are being 
held on SC, beginning in 1959 in USA and 
in 1972 in Surope ‘WrocZaw, Poland). At 
present, ‘estern and Eastern Surope alter- 
nate their Meetings in a coordinated way, 
respectively in Montreux, Switzerland ‘how 
ever, in 1973, Rotterdam was chosen in- 


slers, 


stead) during the odd years, andin Wroclaw, 


The nex* 
Switzer - 


Poland, during the even years. 
Meeting will be held in Zurich, 
land, on March 1981. 





'}) URSI ‘Union Radio-Scientifique Interna 
tionale = Intermatiorsl Union of Radio 
Science) is an intvspendent scientific 
Body, coordinated to some extent by 
ICSU ‘International Conference of Sci- 
entific Unions). It was founded in Srug 
sels in ‘913, and is organiting regu- 
lar meetings, called General Assemblies, 
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every three years, now alternatively wn 
Surope and outside Burope, while more 
restricted Symposia on specialized sub 
jects are being held inbetween, 

URSI ia subdivided into nine Commis - 
sions, two of which are connected wit 
the subjects of the present special is 
sue of ALTA PREQUENZA, namely partial- 
ly Commission A (Blectromagnetic Me- 
trology = Biceffecte of Ei waves) and 
more specifically Commission & (‘Inter- 
ference Environment). The last General 
Assembly was held in Heleinki, from the 
‘et to the 8th of August 1978: EMC con 
tributions were particularly success- 
ful. 


‘4 EBU ‘= Buropean Broadcasting Union) or 
JER ‘Union Buropéenne de Radiodiffu - 
sion) has its Technical Centre in Brus- 


sels, Belgium. 
SCIR (Comité Consul.tif International 
des Teléconsunications), 


It is useful to remember the most impor 
tant subjects considered during the last 
five years (1975-73) in the above Meetings. 

The following list of subjects has been 
drawn up from the records of the Symposia 
held in Washington, D.c., in 1976, in Atlan 
ta, GA, in 1975, in Montreux, Switzerland, 
in 1977 and '979, in YrocYaw, Poland, in 
1978, Natural phenomena, such as lightning, 
are considered sometimes. 


Avionics and space, avionic systems 

Antennas and propagation - Antennas and 
field analysis techniques 

Automatic measuring systens 

Analysis and prediction - Interference anal 
ysis 

Biological effects, biological aspects of 
EMC, biomedical 

Car electric noise 

CISPR type of measurement 

Jommunications and cables - £ffect of radio 
noise on telecommunication systems 

Somposite man-made radio-noise and its ef- 
fect 

Computer and data processing 

Design for Buc 

Effects of lightning 

Electric fields 

Electromagnetic pulses EMP) - Nuclear elec 
tromagnetic pulses ‘NEVP) 

ELA interference 

EXC and the hospital 








* A@ Gn example, four Buropean and four 
American books are quoted: 

- A» Narner: Taschencuch der Punk-Entetor 
ang. VDE Verlag JmbH = Berlin = Charlot 
tenburg, 1965, 

S. ?romy: La mesure des parasites, Bd, 
tions Chiron, Paris, !976, 

4‘, Rotkiewics, Ed.) Electromagnetic 
Jompatibility in Radiocommunication Sys 
tems, Xompatytilno@é elektromagnetycena 
w radiotechnice, WVydawnictwa Komunika- 
0ji 1 Zqcenoéei, Warszawa, 1978. ‘In Po 
Ligh). Note: An English version  f this 
cook 18 planned for release by Elsevier 
Publishing Co. in 1960, 

3. Nano: Compatibilita elettromagnetica 
Radiodisturbi). Quaderni di Elettroni- 
oa. Boringhieri -1979. (In Italian). 
RE. Ficchi: Blectrical Interference - 
London, Iliffe Books Ltd., 1964. 

NASA SP=}3067: Radio Prequency Interfer- 
ence Handbook. “National Aeronautics and 
Space Administration - 1971, 

=... Skomal: Man-Made Radio Noise =< Van 


Nostrand Reinhold Company, New York, 1978. 


J.2. Herman: Electromagnetic Ambients 
and Man-Made Noise, ‘ol.III, Multi-vol- 
wme EMC Encyclopedia Series, Don White 
sonsultants, Inec., Gainesville, VA, 


_* - 
22065, 1979. 


err 
— 


EMC 
Bic 


fields 

figure of merit 

in power systems - High voltage and pow 
er lines 

EMC in radiocommunication 

EMC problems in high voltage installations 
ENC system specifications 

Si environment 

EM hazards effects 

EXI and computers 

Environmental interactions 

Immunity - Immunity and susceptibility 
Immunity and performance degradation 
Interference sources and hazardous emis- 

sions ‘see below, under “sources") 

Legal aspects and standards 

Magnetic fields 
Materials 
Measurements and instrumentation 
Measuring methods and production testing 
Methodology of systems 

Modeling and measuring noise and interfer- 
ence - System modeling 
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Penetration (field penetration of shielded 
barriers) 

Propagation (see above under “Antennas and 
propagation") 

Safety and EXC 

Shielding = Shielding in cables, connectors 
and assemblies 

Shipe and transport 

Sources of interference (see above under 
“interference sources") 

Statistic of noise = Statistical considera 
tions 

Spectrum management - Spectrum protection 

Suppressors - Suppression and control 

Testing and measurement 

Wire coupling 


Applications of nonsinusoidal functions; 
frequency analysis, synchronization, 
filtering; Waleh functions. 


“he list shows clearly how broad the com 
patibility area now ie: it is also conse- 
quently difficult to arrive at a logical 
subdivision. Presumably, this will be made 
with progress of time for the new applica- 
tions: at present, CISPR can be considered 
a8 an example of fairly stabilized organi- 
tation of subjects, hopefully to be follow 
1d by other Bodies. 

Going into some detail on the quoted in 
dividual Symposia, particularly concerning 
the interest of different nations for EMC, 
the Rotterdam 1979 Symposium has been taken 
as an example. 1'C papers were submitted 
and introduced by 165 authors, belonging to 
twenty nations and international organi za- 
tions. In decreasing order, 30 papers were 
submitted by USA, 6 to 10 papers by each of 
the following Countries: France, ?ederal Re 
public of Germany, Italy, Switzerland, Unit 
ed Kingdom, USSR; 5 or less, by others. 

In various Countries, National Commit- 
tees are active, not only as the national 


affiliations of CISPR and IEC, but alzo as 
the expressions of independent or continen 
tally coordinated Electrotechnical Associa 
tions. As an example, in Italy, AEI ‘Asso- 
Ciazione Elettrotecnica ed Elettronica Ita 
liana), coordinated both with EUREL in Bu- 
rope and with IZEE in USA, has founded a 
Specialistic Group called "Compatibilita £z 
lettromagnetica”. 

In an attempt to outline the major pro- 
blems faced during the last five years by 
IZN and CISPR, the following can be said. 








Unintentional nois have been 
progressively classified and carefully ine 
vestigated by JISPR, in order to update the 
«nowledge of their characteristics and the 
most convenient means to suppress or, bet- 
ter, to abate the noise, 

Joncerning the classification, well re- 
presented by CISPR subdivision into Subcog 
mittees, the same order can be followed, 

1,5,.M@, (SO 8) combines the characteris- 
ties of H.?, and microwave medium and high 
power generators, not intended for commun) 
cation. Noise is of the narrow band type ‘a 
carrier wave sometimes incidentally modu- 
lated by the residual hum of the mains fre 
quency. a’ 666 are gener- 
ally either dielectric oven for wood and 
plastics drying and soldering or smelting: 
for food defrosting, cooking and drying; 
or inductive ovens, for metal melting, sur 
face hardening and soldering. They are cha 
racterized by appreciable and sometines 
large dimensions, so that shielding is dif 
ficult: moreover, for economic reasons, 
their frequency is often appreciably drift 
ing during the entire cycle of operation. 
In order to reduce and suppress to the high 
est possible extent their undesired radia- 
tion, it is recommended to stabilize the 
driver frequency and to introduce shield- 
ings and choke coils, against radiation 
and, respectively, conduction through the 
power line. 

Scientific apparatus include a variety 
of devices and instruments difficult to 
frame. 

some medical apparatuses are also simi- 
lar to the idustrial ones (‘such as equip- 
ments for 2.7. therapeutic purposes), but 
there is to-day a considerable variety of 
types. 

Por the ISM apparatus, CISPR recommends 
in general to fulfill specified field 
streneth limits at specified distances and 
with standard dispositions. Microwave pow- 
er measuremen*s in a reverberating radio 


enclosure are also carried on with success. 


A paper on such subject is contained in 
this issue. 

It seems rather difficult to obtain in 
the near future a significant abatement of 
noise in all these appliances, probtably ex 


cept for the case of microwave food cook- 
ing ovens, thanks to the small dimensions 
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and the possibility to provide an effeo- 
tive shielding, Combined with safety re- 
quirements for the operator, The same safe 
ty requirements apply to any 8.7. power 
#eerator, 

Power lines “CISPR SC C) oan be consid- 
ered at the same time as generators and con 
veyors of radiation. They give rise to in- 
terference, due both to corona effect and 
to dirty insulators, producing short sparks 
across dry bands. Corona generates long and 
medium wave interference, while dirty insu 
laters mainly interfere television recep- 
tion. The suppression of the former type of 
interference is rather expensive; however, 
mutual dependence between noise and corona 
is favourable, because power engineers § in 
their efforts to reduce the losses simulta 
neously reduce «- to some extent <- also the 
noise. In high voltage power lines, this re 
sult is obtained increasing the equivalent 
external diameter of the conductors, accord 
ing to the technique of conductors bundles 
with different subdconductors. 

In adverse weather conditions, however, 
high R.?. field levels are produced. CISPR 
Recommendation, in this case, can be ful- 
filled only on a statistical base: the re- 
levant manual is in preparation. 

tion no (CISPR SC D) has been 

studied and investigated extensively in the 
past, as it is characterized by high volt- 
age pulses, synchronous with the motor ro- 
tation. Suppressors of different kinds, but 
particularly of the reactive type on the 
spark-plug cable connections and of a re- 
Sistive type on the distributor, represent 
a reasonable compromise between suppression 
efficiency and economy, for the usual cars. 
Military and special cars, particularly all 
those fitted with radios, require addition 
al suppressing devices. Investigations up 
to 1 GHz have been carried out; other in- 
vestigations within the same frequency 
bands are expected for naval ignition mo- 
tors and, if necessary, for diesel motors 
in general. A review paper on this subject 
is contained in this same issue. Nothing 
outstanding in noise suppression can be ex 
pected in the near future, in spite of the 
increasing extension of electronic ignition 
systems. 


Broadcast radio and television and any 
other type of receivers ‘CISPR SC E) have 








veen and are presently studied and invest; 
gated as radiation sources, Cheap suppres- 
sion means have been adopted since lone 

time, both concerning local oscilistor ra- 
diation and time-base noise (for television 
receivers. Increasing diffusion of *olour 
television sets has increased the . tter 
type of noise, due to the noticeable jokes 
deflection current (1 Apnea, and sore): ex- 


tension up to JO MMe ie under consideration. 


Limite and methods have been establisned 
by SISPR in cooperation with I8C, For lo- 
C@l o@ci.iator voltage at the antenna ter. 
minals, 4 modification is expected, parti. 
Qularly vith restriction of the limits, due 
to @ *hicker allocation of channels in the 
community television distribution evetems 
and recuests for orotection of aeronautical] 
services coming from ICAO. 

woreover, another aspect not yet suffi- 
ciently studied and investigated is the 39 
Called “immunity”, that is the protection 
of the receiver set agains* the surround. 
ing noise fields. 

Appreciable contributions avpveared re- 
cently on this subject, concerning methods 
of measurement and suppressors; limits are 
still under consideration, except for the 
less sigmificant cases. Progress is desired 
and expected to some extent in the near fu 
ture. 

Somponents for the community television 
systems are being investigated and since 
they include amplifiers, converters, trans 
formers, screens and cables, there is rooz 
for contributions by electromagnetic theo- 
rists, particularly for the last two items. 

Other different types of noise sources 
are commonly assembled under the general 
heading of domestic appliances ‘CISPR SC?, 
as they include: washing machines, vacuum 
Cleaners, thermostatized irons, ‘freezers, 
hair driers, luminaires, triacs and similar 
devices. Noise results here from the combi 
nation of the commutator low frequency tran 
sients and the single switches transients: 
suppressors devices have been developed am 
the limits have been estadlished on accoum 
of the recurrence frequency and spark am- 
plitude. Here also abatement of noise is 
typically an economic problem: the present 
limits are not expected to be reduced is 
the near future, except possibly for tri- 
acs, that are responsible at present for arn 
excessive noise level on long wave boroad- 
casting. 
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Pinally, da 9 : 

of are now under in- 
vestigation, a6 they oan interfere the sane 
and other machines and produce erroneous 
results, Many problems, including electro- 
static diecharges, are open in this field, 
CISPR has entrusted all these problems ‘¢ 
sc 3, 

Studies on the applications of statist; 
cal methods concern SC A, 

Basic instruments for the noise measure 
ment are typically special voltmeters spe- 
cified by conventions ‘peak, quasi-peak, 
average, f.m.8.) and the spectrum analyzers. 
Digital instrumentation has been introduced 
with success, particularly in order to meet 
the recommended procedures for washing ma- 
chines and similar devices containing timers 
and program co: trol; new types of instru- 
ments are in progress of designing and map 
ufacturing in laboratories and industria. 
organizations. 


Accordingly, antennas and associated 
structures have beer developed, in order 
to convert the voltmeter into a field ine 
tensity meter, taking into account the 
matching devices. Simplifications of the 
antennas are ofter. required when field mea 
surements are being carried on. These are 
made in order to avoid ‘for instance) poor 
or uncertain contacts, as in the case of 
variable length dipoles, and variability 
of electric center, as in the case of log 
aritmic antennas, practically unusable at 
the reduced distances prescribed in many 
CISPR Recommendations. Measurements of the 
vector E through a system of three orthog 
onal dipoles embedded in a spheric encio- 
eure, are being carried or with satisfac- 
tory results for very strong fields (some 
volts/meter and more. 

Another interesting and promising field 
of investigations is that of a space with 
constant and controllable field intensity, 
in view of investigating immunity of re- 
ceivers and other low level V.H.F. and au 
dio devices. Difficulties are encountered 
particularly wher. the dimensions of the 
set under test are comparable with the 
wavelength: this is again a good investi- 
gation area for theorists in electromagne 
tism, as shown in some recent internation 
al symposia. 

The set-ups under study to generate 
such nearly uniform intensity spaces can 
be fed bv cenerators of various waveforms, 








acoording to the interference model that 
18 to be realised in the different cases, 
A ratner new field of research i¢ the 6o- 
ca.led EXP ‘electromagnetic pulses), part; 
Cularly interesting for the aeronautical 
immunity teste. 
3}. SVBVECTS OF 
THIS ISSUE 

The “call for papers" concerning this 
Special issue was published in the Pebrua 
ry 197° i:esue of ALTA PREQUENZA and wae 
Splitted into the two main subjects effec 
tively coneidered here. This information 
wae Gls. given during the last EMC Sympo- 
Bium, held in Rotterdam from the first to 
the third of May 1979. 

The regular and hieh rate of Meetings 
and publications of specialized Reviews 
could have the consequence of exhausting 
the main available sources; nevertheless, 
some good Sut .ecte were found by the Auth 
ors of the papers collected in this issue, 
that touch mainly radiation problems. 

The contributions can be subdivided as 
follows: 
=vp 
o &, 


ar. 


- 
= de 


THE PAPERS CONTAINED IN 


Sarvemenea and w. Mensa: The study of 
EYP dipole antenna simulator. 
Pranceschett:i: Transient electromag- 


netic fields in a cylindrical enclosure, 


ENVIRONMENT 

- 3. Lari: Problems concerning the sur- 
roundines of sound and TV broadcasting 
stations. 


b Alualhiek Medien a 


atatiwitsa as 

~- B, Audone and M. Nensa: The use of THX 
lines in electromagnetic compatibility 
tests. 

MEASURESBITS AND INSTRUMENTATION 

-~ L. Bolla and G. Gerbi: An electric and 


magnetic field-emeter. 

P, Corone: Electromagnetic reverberating 
enclosures: behaviour and applications. 
M. Borsero, L. Brunetti, and P.G. Gallia 
no: International calibration cycles of 
field intensity and power density. 

M. Borsero and E, Nano: Test site Suita 
bility assessment for radiation measure 
ments. 


SHIELDING 
- P.L.E. Uslenghi and J.E. Bridges: Theory 
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of electromagnetic field penetration 
through the shield of a coaxial cable, 


SOURCES OF INTERFERENCE 
~ ©, Beidi, P.G. Galliano, and £. Nano: 
R.?. emission from motor vehicles, 


It 16 the hope of the Review ALTA FPRE- 
QUENZA to etimulate other studies and ex- 
periments, mainly from researchers and tech 
nicianse working in the electromagnetisa 
area, considering the increasing impor- 
tance of their possible contribution in 
Solving theoretical and experimental BMC 
problems. 
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Radio, TV Broadcasting Hazards 
Milan ALTA FREQUENZA in English Mar-Apr 80 pp 139-141 


{Article by Guido Lari, of Rai-Radiotelevisione Italiana, Roma: "Problems 
Concerning the Surroundings of Sound and TV Broadcasting Stations") 


{Text ] Abatract.The text analyses the problems which arise from the cowexistance of 
human activities and the presence of sound and TV broadcasting stations inclu- 
jing radio-relay link stations. These problems are more or less important 
according to the frequencies and power employed and according to the different 
environmental situations. The siting of certain stations, especially the hign 
power ones, should be evaluated in the framework of territory planning. 


.. DVTRGDUCTION 


The industrial and urban expansion carried out 
over the past few years has raised different types 
of problems concerning the compatibility between 
sound and TV broadcasting stations and radio-relay 
Links with regard to the surroundings. 

The most seriow: problems occur when the envi- 
ronment is substantially modified, causing condi- 
tions which reduce efficiency and consequentiy the 
service provided. 

Some of these problems that may sometimes occur 
simultaneously, are specified below. 


. DAMAGE THAT THE TRANSMITTING STATIONS MAY CAUSE 
TO A THIRD PARTY | PEOPLE AND/OR THINGS) 


Taking into consideration the location of the 
“ranesmitting antennae and the power level used so 
far, direct exposure to e.a. radiation does sot 
seem to cause harmful effects on people, at least 
according to the legal standards observed in other 
sountries within the £.8.U.[1] In Italy, the pro- 
clem is under investigation by the “Istituto 
Superiore 4i Sanita" Italian SJovernment Health 
Institute, and other Organizations. 

However the following situations gay be consi- 
dered as probable: 


a) danger to people due to accidental contact or 
during vork with gwetallic parts where high cur- 
rent is induced by radio frequency of conside- 
rable amplitude because of the vicinity of 
*ransmitting antennae, 

> danger to people due to accidental fire or the 
explosion of some materials caused by currents 
induced by radio-frequency; 

c) the impossibility of performing some vorks sear 
the transmitting stations, tue to inconveniences 
or disturbances that could be caused by e.a. 
fields, e.g. especially on electric and elec- 
tronic equipment, even though 20 danger to 
people exists, 

i) area restrictions near the masts that comprise 
or support the radiating systems as 4 result of 
the possibility of: 

- material falling during saintenance, modifi- 
cation, painting; 
- lar@e ice blocks that could fall during the 





. | 


\*)' The European Broadcasting Union. 
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winter season, 
* {igitening whieh could have direct or in- 
direct effects. 


}, DAMAGE TMAT THE MODIFICATION OF SURROUNDINGS 
MAY CAUSE TO SOUND AND TV BROADCASTING STATIONS 


The modification of the surroundings of exis- 
ting transmitting stations as well as the construc- 
tion of new bulidings or the excessive grovth of 
vegetation could result in: 

a) the adsorption and/or deviation of the ra- 
diating power causing 4& reduction in the 
service provided by the stations, 
the partial or total reduction of the effi- 
clency of radio-relay links, 

c) the impossibility of increasing or modifying 
the installations. 


Dd) 


+, LAMITATIONS DETERMINED BY PARTICULAR EXVIRON- 
MENTAL CONDITIONS 


Some considerations of a legal nature aust be 
taken into account during the Planning of the 
installations since they might later restrict or 
preclude further modifications, for example: 

& protection of the landscape, 

db, the presence of other activities that aight 

by law impose limitations, for example, air- 
ports, large electric lines, etc.; 

> perimetral areas necessary to protect those 

stations subject to frequent bush fires, 

i) territorial limitations and/or limitations 

imposed by the Municipality. 


5. EXAMINATION OF INCOMPATIBILITIES 


Transmitting stations in bands 5, 6 and 7 as 
well as radio-relay link stations (althouhg these 
present different types of problems) are gore sub- 
fect to variations of the environment and, at the 
same tise, are capable of conditioning it. 


5.1. Tremsmitting Stations (bands 5, 6 and 7) 


As far as harm to people is concerned - at least 
in it - there is no evidence to date that any 
serious damage from radio-frequency induced cur- 
rents exists for those living in the general vici- 
nity. dowever, one should not exclude this danger 
in particular circumstances, especially in areas 
closely located to stations utilizing the highest 
povers. 

yeneraily, radio-frequency induced currents on 
metaliic structures can cause physical discomfort 
om comtact and metallic equipment, in buildings of 
reinforced concrete structures and long external 
pipelines. 

Im order to eliminate or reduce the risks of 
these phenomena, some precautionary measures should 
be taken, such as the use of insulating gloves, 
careful grounding, substitutions of metallic vires 
by insulating ropes, sectioning of all setaliic 
groundings vith insulating joints. 

Other inconveniences of electrical equipment, 
(for example, the continuous lighting of lamps, 


either in households or streets, telephone equip- 
ment, TV and radio sets etc. due to the presence 
of wadesirable radiophonic modulation during the 
use of this apparatus), can generally be eliminated 
by inserting filter condensers or by taaing other 
suitable technical measures, 

Moreover, the presence of Large ‘ransmitting 
stations can affect certain activities besides 
those where people are exposed to danger, for 
example, in the electronics industry or in storage 
pients for iaflammabies or explosives. 

In the first case, we gust consider the iiffi- 
culties involved in the construction or use of the 
apparatus (especially measurement instrumentation 
and electronic computers) which could be elimi- 
nated by approriately shielded rooms, in the se- 
cond case, there is a risk of sparking due to in- 
duced currents in the wires; in the third case, 
there ia the possibility of fire indirectly caused 
by flashover resulting from induced voltages be- 
tween structures or metallic parts that have not 
been sufficiently grounded. 

As regards the service areas of the transmit- 
ters, two kinds of phenomena may occur vhen the 
transmitter site originally surrounded by an 
agricultural area is modified because of the con- 
struction of industrial or civil buildings too 
closely crowded together. Both phenomena tend +o 
reduce the efficiency of the stations either from 
the point of view of the ground vave service or 
the sky wave service. These phenomena can produce: 

- the degradation of the electric characteris- 
tics of the soil and subsequent ioss in 
propagation, 

- the direct absorption of power by metallic 
vertical structures located very close to the 
transmitting antennae together with phenomena 
of re-radiation modifying the radiation pat- 
tern of the antennae. 

Moreover, as concerns transmissions in band ” 
(HF) it should be pointed out that situations en- 
suring the proper reflexion of ¢.m. waves are 
necessary in the “Fresnel zone", which in some 
cases can extend for some kilometers from the 
antennae. 

The presence of many buildings or forests, as 
well as the formation of quarries, which can vary 
the altimetric profile, cause a deviation of the 
radiating lobe, resulting in serious power losses 
in the desired direction (even those over 6 4B). 


5.2. Radio-relay link stations 


Problems of radio-relay link stations only 
affect the use of links that could be obstructed 
or limited either because of the growth of vege- 
tation or, above all, by building constructions 
along the link paths, that could intercept or 
reflect the reception or transmission signals. 


5.3. PM a TV stations (bands @ and 9) 


These stations normally situated in a nigh posi- 
tion use antennae whose directional characteris- 
tics avoid the concentration of e.m. energy in 
the immediate surroundings of the station. Taking 
into account the kind of propagation used, the 
problems almost exclusively concern the possitiity 
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f oaweind damage to 4 third party, either in the 
rian of sparking electric ietonators whieh could 
Sar ofay afder special circwnstances, and name.y, 
Lf the area where detonators are used (for example 
an open Bine) is struck by strong @e.a. fields or 
ae regards the risks sentioned in item 2d, 


rT 


INS 


above, the close interconnections be- 
and TV broadcasting stations and the 


' ; , 
©, CONCWS: 


From the 
tween sound 7Y 
environment are obvious. 

The most critical situations 
im@taliations. in fact, even if the technical mea- 
sures we have already suggested solve 4a large 
number of sitwations, one should bear in mind that 
they cannot always be adopted in an overall, fa- 
vOurabie and permanent asanner. 

However, an increase in the radiated power or 
a relocation of the transmitting stations would 
seem, at first sight, tne easiest solutions in 
order to re-estabiiah certain situations or to 
solve incompatibility problems. 

As concerns the first solution, the state of 
the spectrum occupation and international rules, 
with regard to the precise links existing among 
all she stations, pronibit the employment of a 
power increase of the transmitters without con- 
Sidering tnat this fact could cause other problems 

Apart from the high cost involved, the second 
solution cannot always be adopted since, besides 
difficulties in finding new sites which fulfill 
all the technical requirements, sometimes quite 
insurmountable, there is inevitably the necessity 
*o modify the characteristics of the stations in 
accordance with the international limits mentioned 
above. in any case, relocation could have a nega- 
tive effect on radio and TV users, particularly 
in the case of a TV station; users vould have to 
at least modify the antenna orientation or even 
replace the receiving antenna at a high cost for 
che community. 

tn addition to provisions in the "Italian 
Postal and Telecommunications Code", it would be 
convenient, whenever possible, for the sound and 
TV broadcasting stations to be appropriately 
protected in order to guarantee a public service 
that gust be included in the territorial develop- 
ment Plan. This is aiso valid when considering 
general economic criteria. 

Considering multiple dif*’erences in the charac- 
teristics of the transmitting stations (location, 
orientation, neight and type of antennae, radiated 
power, shape of the servoce area, linked paths, 
etc.) general criteria cannot always be establisned. 
In some cases, special criteria must be establisned 
according *o the developmert of the areas con- 
cerned. 

In reference, as concerns probably damage to a 
third party and limitedly to A.M. stations in 
band 6 MF) our experience shows that a low power 
station (up ot 2 kW) can be situated in the centre 
of a town, but that some effects could result from 
@ 100 «kW station at distances up to 500 3 from the 
transmitting aerial. These effects lose their 
importance at a iistance of over a «ilometer. 


occur in existing 
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concerning the efficiency of the service 
carried out by the station exception is made for 
arban .ow=power A.M, tranamitters in band 6, lo- 
‘a. service) 4 surrounding agricultural area or 
with @ few bDulldings ia needed, along with tne 
hecessity of being relatively close to the main 
arban area in order to ensure good service. 

Aa to the radio-relay ling stations, in order 
SO be certain of the efficiency of the service, i* 
8 Necessary to maintain an area free from any 
sbetaclies. The dimensions of this area surrounding 
the path between terminal stationa of the lina 


depending on the frequency, the path Length and 
the position of the antennae. 

Moreover, in order to eliminate the reflection 
phenomena, it is absolutely necessary to limit 
construction within a certain range and at 4a cer- 
tain angle in the immediate vicinity of the link 
station. 

These phenomena are more harmful to the quality 
of the service the closer the reflecting obstacle 
is to the station and to the axis of the link. 
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Electromagnetic Field Radiation Measurements 
Milan ALTA FREQUENZA in English Mar-Apr 80 pp 150-153 


[Article by Luciano Bolla, Giuseppe Gerbi, of Aeritalia, Settore Avionica, 
Torino: "An Electric and Magnetic Field Meter") 


Abetract . The orotiam of quantifying rezercous electromagnetic fielc is aif 
ficult because Teasuring sites are often at points close to cowerful &F sources 
or where arbitrary colerization anc ™ ‘path interference exist. 

The RF fielc measuring equipments are waliy >esec on simple clanewave *ielc 
propegetion assumption that is inaceguete *or complicated *ields anc cculc give 
Sangible errors in many cases. 

Therefore it is generally consicerec sore correct to "easure electric anc magne 
tic fielc strengnts separately insteac of cower censity. An isotropic AF elec 
tric/magnetic fielc strengtn meter "es been cevelccec in order to seet require 
ments for both cear anc far fielc  easurements. 

Some ctner sconcects such as operability, af*idability anc solidity have been 
taxen into account cesigning this reasuring equipment whicnr is interdec “or both 
laboratory anc *ield applications, 


[Text ] 


1. INTROOUCTION 


uring these last years the problem of quanti 
fying electromagnetic fields with special attan 
tion paic to Raciation sazarc ‘as become nore 

tringent cecause of tne increased intensity arc 
*requency cccupancy of radiating sources. 

Altnougn there are "co clear anc simole cause- 
effect relationshios in the area of radiation ‘a 
zerc afd 8 unique agreec limit coes not exist it 
seems quite important to ce able to cetermire the 
areas where <="e raciation level is nignm in orser 
to take protective measures. 

Therefore it is necessary to get suiteble in 
struments to neasure those parameters character: 
zing tne electromagnetic field raciaticr ‘ezarcd 
correctly. 
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e. SYSTEM OESIGN 


Th@ Geeigr of @ Ne@auring equipment cecicatec to 
Sh@ Neaa.rements of strong field strengtns shoulc 
Sane ints account the following aspects arising 
from practical experience anc from theoretical 
soreicerations, 


@) Biclogical aspect 


Electromagnetic “ezards are not strictly releted 
to th@ energy or cower ceneity in space out rather 
to the fielce ineice subfects and to the apsor 
ption of *Lelas oy Siologicel tissue. Energy ab 
sorotion of flelcs by Siological tissue. Energy 
@oeorsticn Sy the Slological tissue, oroduces 4 
Semperat.cre ise tat can Se Neasured Sy 4 Sumber 
of existing temoerature sensors of small size ao 
Diiec So S"@ SUbsect, Mowever there are many 


gifficuities in the practical execution of sucn e 
type of “easurement anc noreover considerable con 
troversies exist over whether mere temperature ef 
fect is the only and more important carameter to 
jJucge ‘oe “ezarad associated to the E™ fields, 
Therefore, it is generally retainec more satisfac 
tory to Dase “easurement on the internal electro 
magretic *lelc rather tnan on temperature rise, 

Since the “ezarc is seterminec by the fielc 
insice the subject te covicus srocedure should 
be tre Teasuremernt of the fiela insice 8 pnantom 
simulating the subject. “owever there are many 

ifficulties to simulate the geometrical anc elec 

smeracteristics of she suoject submitted 
te the “eazaers fields and on the other nanc these 
syoes of sensors will sever be oractical enough 
for “aezarc-survey Neters. At tre moment the uni 
que solution seems to be the measurement of the 
electromagnetic fielc in the aosence of the sut 
ject anc ther to take into account the subject 
Simulating s-e ciological sissue witm some mathe 
vatical nocel. ~ 

The sensor cesign of the developec metering 
instrument follows ‘nis guice line. “owever, 4 
sensor srovicing tre simulation of actual subjects 
(@ cell of 8 particular naterial containing the 
oroce ‘hat simulates ‘re electrical cheracteri 
stic of sissue) could sonceivatly se practice: 
for 8 “azerc-Ssurvey Teter anc is at the mnomert 
socer study. 


5) “Measurement consiceratior 


simcle clane wave, ary one of a sumoer of 
carameters ©|&!, | ,cower gensity) consti 
sutes 4 valic index tc sneci*y tne *lelc (‘apart 


from chase, sclarization anc direction). 


For arpitrery or near fielcs tne above rela 
tionsnips ere not longer velic anc tne following 
problems arise: 


- POwer Gensity "eesurements executed with probes 
sensitive to the electric or magnetic fielc com 
ponents and assuming free-space conditions coulc 
pe grossly incorrect. 

- in any case the effective power censity is not 
@ gooo Neasure of tne nhazarc of SF radiation 
in tne reactive zone the time-average Sower 
density cen be low, electric anc nagnetic fielcs 
arcitrarly large) 

- it snoulc be necessary to Teasure tne parameter 
most aporopriete end closely related to the 
nazerd associetec to the EM fields. 


For this purpose tne energy jensity should be an 
aceguete parameter that, for a genericel naeterial, 
{8 excressec by the re.ationsnio: 


<0 HRT HF} 


In the simplified case of somogeneocus, linear 
and isotropic naterial the energy aosorption is 
proportionel to e/&|* anc ulH!*, Such assumptions 
to optein this simple proportionality are obvioy 
sly mot realistic for a oiological tissue, ‘ows 
ver the result suggests the use of single real 
scaler oarameters (/&/2 and 'H!2) for radiation 
nazerc standards anc survey measurements [1]. 
le!? anc |#|* parameters represent 4 good choice 
to "easure correctly sne E’ neazarc because are 
@lways valic (in seer or in far fielc) and mignt 
represent a stable starting point for nore com 
plex consicerations. Secause the ciclogical na 
teriais are essentially not magnetic the hezarc 
due to &” ftelcs should be usually most closely 
related to |E/2 anc the measurement of (H|* is 
expected to slay 4 secondary role. 


c) Polarizaticn, nulticeth, interactions 


Practical situations involve propagation of two 
or nore *ielas at different frequencies in the 
same region, scattering, reflection or interac 
tion with surrounding objects establishing mul 
tipath interference, unknown or complicated ocle 
rization of tne *ielc. 7o take inte account 5013 
tization (polarization nay change radically from 
point to point in the case of industrial heaters) 
anc multipath effects (multipath interference may 
be due to scattering with objects loceted ear 
the source cr causec Sy two cr more sources opers 

ing at the same frequency) tne reassuring equ: 
ment shoulc se sensitive to &M fields incicent 
from all cirections. Sesices, tc avoic scattering 
problems Sy itself, 4 gooc general purcose equip 
ment smould “ave the size of the fielc sensors 
smaller thar tne shortest wavelength of interest. 
In many cases it is required tc perform Tessure 
ments “ear metallic objects or in limitec sites 
where coupling between the orobe anc tne close 
material nignt oreduce errors; to recuce the cou 
piling with surrcuncing objects the orobe sncuis 
be dalarcec. 
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SENSCR 


Trree@ electric sensors rave Deen designrec in 
‘oe source frequency range ‘' - 500 “mz for three 
acale indications of 110-100-1000 V/m, The 
@.ectric prose is a dipole antenna snorter ther 
"h@ wavelergtns sorresconcing to the frequency 
range of interest, The isotropic diagram is achie 
/@c Sy Neens of three Mutually perpendicular ci 
cole antennas, The signal csetected by the anten 
"@ is rectitiec Sy @ cioce snuntec Sy a capecttor 
‘ecessery to maintain @ constant frequency respon 
se (2) . 

TR@ cutouts of the three antennas constituting 
‘me sensor are cco. cuic.s im saries, therefore the 
sutsust vo.tege is orocortional to; 


Fuse 


n@ Gesign optimization “es been achieved by 
"eens of the comouter aicec spproech .ased on 
the natmrematical mogel of Fig. *. 
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"ig. '. “ocel ssec in the ootimization process: 


electric aiccle. 
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2" <"@ “Cce@. usec te antenre caerameters are (3): 





2074 1 
SS  — 
3 ,2 
—— l/s Z — pt 2 
> 320 in 2k/e 81/2 


-8 <7@ "@.* arterne .engs” 
cme artenne soncuctcr 


wrere: . 
ais racius 

"me cioce cyramic resistance *c "as seen Teasurec 

excerivme*tallys: t7is sarameter is carticuliarly 

imocrtart in estatlisning tre *requercy response 

2* the System. ""e results sf t"e simulation sre 

smowr ir Fig. 2 for t"e cree types of sensors. 


Tre comouter sicec aporcec™ ‘as Seer very use 
ful in the sotimization of s"e sensor sesign from 
tne soict sf view of sersivity anc sroagtanc ‘re 


resccose. 


guercy 


4, MAGNETIC SENSOR 

"wo "agretic sensors “ave Seer cesigrec in the 
*requency range ' “*z - 100 “rz *or full scale 
indication of 1 A/m ang 10 The magnetic oro 


- A/mm 
be is @ loco antenna witm sme sr ncre turns as 
a somcromise between seneitivity arc croecbenc 
resporse. Tne isotropic siegram is acrieved oy 


seara of ore “utu@l.y serpencicular .coo enter 
sas. Similarly to tne @lectric fie.c sensor ne 
signal scetectec sy te antennas ia rectifiec by 


@ cicce. 
The outputs of the three antennae constituting the 


sensor are connectec in series; therefore the out 
put voltage is oroportionel to: 


Again the design optimization res been acnievec 
by Means of the computer eidec approech based 
upon the mathematical model of Fig. 3. The R1-C1 
group is necessery to introduce 4 sole in the fre 
Quency characteristic of the loop antenna in or 
der to achieve 4 flat response. 

The veélues of tne elements of tne equivalent 
loop antenne ‘ave been determined with Soth theo 
retical consicerations and practical measure 
ments. The final result of the design is shown 


in Fig. 4. 
5. CALIBRATION OF SENSOR 

TEM transmission lines have Seen usec to cali 
brate both electric anc magnetic sensors. The TEM 


line generates 4 uniform standarc electromagnetic 
fielc easily Krown by the measurement of voltage 


Or power et ‘he loac; nagnetic and electric fislcs 
ere relatec Sy the *ree soace impedence. 

For the performance of a nignly accurate cali 
bration tne "EM transmission line as been mathe 
matically nocellec on the computer as 48 iine with 
discontinuities or ty 3 liccatec st input anc 
output connectors The result of this analy 
sis ‘as ceer tre aetda exact field 
Slong the central siete of tre "EY line procucec 


n of the 
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Fig. 3. Mocel usec in she optimization process: 


magnetic antenne with two turns. 
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Fig. 4. Magnetic sensor transfer functions 


by the fundamental mode as function of frequency,  ‘Pimmer @ high quality chopper amplifier has been 


In Fig. S$ the normalized electric field as func used. An analog square rooter produces an output 
tion of the normalized length anc of frequency u directly proportional to the electric or magnetic 
sec for calibration is shown. = field allowing to have a linear definition on the 


scele of the indicator instrument. The signal is 
@lso applied to @ voltage controlled oscillator 


6. METER ANDO REPEATER DESCRIPTION driving an infrarec light emitting diode for the 
fiber optic link connected to the repeater equip 
The metering instrument can accept 411 the fi ment. 
ve isotropic sensors. In order to reduce the ther The repeater equipment, converts incoming 


mal drift anc to avoic en external zero offset 








infrared Light pulse frequency into analog volta 
ge which te applied to the indicator repeater, 
Tne active internal components are feeded by 4 
ateciiized OC/OC converter, 
An analog output connector is available on 
tne repeater giving the possibility of connecting 
@ recorcing instrument, 


?, CONCLUSZON 


At the "oment an effort is mace to design otner 
eeneors at lower and upper frequencies to cover tne 
frequency range 10 Kz - 18 Ghz. A study is elso 
carried out to improve the calibration technique. 
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Fig. 5. Electric field in the TEM line 
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Electromagnetic Reverberating Enclosure Measurements 
Milan ALTA FREQUENZA in English Mar-Apr 80 pp 154-158 


[Article by Paolo Corona, of Istituto Universitario Navale, Napoli: 
"Electromagnetic Reverberating Enclosures: Behavior and Applications") 


(7 Ab@tract.The increasing needs of accurate measurement of total emitted or ab- 

ext sorbed electromagnetic power for normative purposes can be in some cases ful- 
filled by means of reverberating enclosures. The basic principle is that in a 
large (in terms of wavelenght) cavity, the modal structure of the electromagne 
tic field can be averaged by means of mode stirrers, obtaining an average uni- 
form field distribucion whose level is related to the total feeding power. Ap- 
plications and calibration procedure are referred. Comparison of various cham- 
bers, both at our laboratories and in different countries is done through expe 
rimental data analysis. Outline of various applications is made. A complete a- 
nalysis of related parameters is carried out, in order to give some understan- 
ding of chambers behaviour. 


1. FOREWORD 


In Electromagnetic Compatibility measurements, 
as well as in the evaluation of biological effects 
of electromagnetic radiation, there is a need of 
some standard electromagnetic environment which 
acts as a reference. 

Usually reference is made to a plane, uniform 
wave. From pratical point of view, such wave can 
be obtained only by means of a source at relati- 
vely large distance in a reflection free environ- 
ment, or by means of very large equiphase radia- 
tor (as parabolic reflectors or lenses): both ar- 
rangements, but namely the first one, are unable 
to furnish high level fields, as requested for 
EMC and biological applications. Furthermore theo 
retical evaluation of experimental data results 
in a Scattering problem which cannot usually be 
solved, not even by means of numerical techniques. 

In recent years some new measuring techniques 
were developed which make use of confined fields 
(usually in conductive enclosures), and it is now 
evident that they can be an useful alternative to 
the traditional “plane wave" approach. 

A good overview of these techniques is in (1): 
among them there are mode stirred chambers. 

Purpose of the present paper is to compare ex- 
perimental results of recently built reverbera- 
ting (mode stirred) chambers, which allow quick 
and reliable measurements of absorbed and emitted 
power without passing through ehe eumbersome (and 
less reliable) field evaluation. 


2. MODE STIRRED (REVERBERATING) CHAMBERS 


A mode stirred chamber is a large (in terms of 
wavelength) cavity whose boundary condition are 
continuously and randomly perturbed by means of 
(rotating) conductive stirrers. Inside such a ca~ 
vity the average field can be assumed uniform 


(in level) and formed by uniformly distributed 
plane waves [2,3,4,5,6,7] . . 
Furthermore, a power balance can be stated [¢] 
[9] and measured, so that power dosimetry, both 
for emission and absorption, becames extremely 
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easy, /atious applications are in use of proposed 
, WO, th, 32, 19, del, 

The Measuring technique appears seo reliable at 
higher (Gla) Crequency that it seems possible te 
lecrease the operating frequency down to the fre~ 
queney bands of few hundreds of “He, where most 
Compatibility probleme arise, and some reverbera~ 
ting chambers afte already in use in these bands. 

In consideration that losses play an essential 
role in mode stirred chember consequently any 
physical sealing procedure cannot be applied. It 
seems advisable to develop a careful analysis of 
performance of available chambers, in order to 
assess some useful parameters for further constry 
etions. 


}, REVERBERATING CHAMBERS PERFORMANCES 


At the present time, in the author's knowledge, 
data referring to seven chambers are available in 
Literature or from the people who have construc 
ted them. Their geometry is summarized in table I. 

Some of them where built expressly as reverbe- 
rating chambers and their walls are aluminium. 
me ‘ave been constructed by modifying shielded 
rooms which usually have steel walls. 

A fast wavy to get useful informations about a 
reverberating chamber behaviour is to mesure its 
insertion loss (15 : (fig.l). A direct compa- 
rison of results is related both to frequency be- 
haviour and to measuring technique employed to 
evaluate the insertion loss. This last is not 
straightforward, because statistical parameters 


are involved '16) . In any case results referred 
in fig. | will be emploved to assess some parame~ 
ters in next section. 


4. PARAMETERS INVOLVED IN REVERBERATING CHAMBERS 
BEHAVIOUR. 


Inside a reverberating chamber, the E.M. field 
can be assumed to be due to a succession of inde- 
pendent steady state fields; this is mainly due 
to the very slow (referred to the electromagne~ 
tics) stirrer speed. Therefore parameters pertai- 
ning to fixed geometry cavities can be computed 
as usual, but measured data viii compare vith a- 
verage of such parareters. 

Up now statistical analysis of received signal 
was carried out (4, 17], but no comparison was 
made to internal, steady state, parameters. 

According to large E.M. cavities theo 
compute: the quality factor Q: 


we 
(see e.g., 18) ) 


can 


QO: 2 





The mode umber ‘: 19 
? Y @ ou y 
| ,? 
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The mode density 


pete 


Furthermore, it is posgible to evaluate an a 
verage quality factor Q' (8, 9) from the measu~ 
red insertion loss Pr/Pt: 


Q's 16 qiedee ek. 
\) Pe 


)) 


(4) 


In all the above formulae: 
8 * cavity internal surface 
* cavity volume 

* wavelength 

* frequency 

* skin depth. 


om py» < 


In table Il data obtained by means of (1), (2), 
(3), (4) amd fig. | are listed: apart that all 
the forms are roughly approximate (in (1) a form 
factor has been dropped; (2) and (3) are valid 
only for large ‘), some more explanation is re~ 
quired. 

The Q value computed by means of (1) has to 
be accepted only as an upper-bound value, becau- 
se it does not take into account any losses other 
than due to wall conductivity. For some chambers 
probably most losses are by far due to leakage 

\8, . The Q' value computed by means of (4) is 
directly related to the insertion loss Pr/Pt 
(fig.l), but (4) is based on the assumption of 
continous mode coverage. 

In order to give gore details about this point 
we have to refer to the average modal distance 
(in terme of frequency): which is the reciprocal 


of the mode density (3). 


(5) 
dN 
If we assume 4 continous modal coverage, the 


bandwidth of each mode has to be larger than go- 
dal distance, 


(6) df. f 
y “oO 
° 
where Q is the effective quality factor of the 


mode; f fom (5) and (6) 


(7) Q« £ a 2 4,2 
. d ,3 
but Q so that (7) is fulfilled if(table II) 
(8) Q f ee 2: 47 J 
df a? 








otherwise the “geometry modulation” (due to stir= 
ring technique) sweeps the frequency range; un~ 
der the assumption of linear dependence of the 
resonance frequency versus the geometry stirring, 
we can assume an “occupation ratio” R, equal to 
the ratio of the mode bandwidth to the mode di- 
stance ‘in frequency): 


From table Li it is evident that mainly at 
lower frequencies when (9) is not fulfilled, Q' 
differs from Q, by weight factor R which can ea- 
fily reach an order of magnitude or more. 

In summing up, the effective value (Q,) of 
quality factor is usually lower than the compu- 
ted one (Q), mainly because of the leakage and 
additional losses. Furthermore, when (8) is not 
fulfilled the measured value (Q') is less than 
the effective value (Q,) by factor R. Following 
the previous analysis we can advance these sup~ 
positions: 

(a) For beth IUN, and for JMI chambers, most of 
the discrepancy between 0 and Q' is due to 


leakage loss; and up now we have ne model to 


compuce it. 


(ob) For Litton and Harry chambers the discrepan= 
ey is mainly due to additional loss introdu~ 
ced by wall paint and floor structure (both 
were made by modifying existing shielded ro~ 


ome). 


(ec) For both MeDonnellchambers, which are very 
tightly buile and consequently have very smal) 
leakage loss, discrepancies arise mainly at 
lower frequencies, where modal coverage does 
not allow the use of (4). Discrepancies can 
be, in these cases, reduced by introducing a 
weight factor R, according to (9). 


5. CONCLUSIONS 


Experimental data relative to various mode stir 
red rooms are referred. A simplified analysis, ba 
sed on forme valid for large cavities has been 
carried out, even from a modal point of view. Ma- 
king use of this appoach both experimental and 
theoretical data are compared in order to give 
more insight on the physical behaviour of stirred 
cavities, hypothesis are suggested in order to 
justify the larger discrepancies. 
































TABLE I 
VOLUME INTERNAL MATER LAL OTHERS 
SURFACE 
a? 2? 
LUN/OEM 8 24 Aluminium Large Leakage 
" l ” " " " 
LITTON 22 48 Steel Modified shielded 
room 

IMI 8 24 Aluminium 
MDAC 54 98 7 Very low leakage 

”“ 1 . 2 7 iA] “ " ” 
U.K. 22 48 + Steel + Modified shielded 


Toos 





(+) Estimated data. 











DATA VALLABILITY 


LUN/OE&M from the author. 





LITTON from H. C. Anderson or R. R. lente = Litton = Minneapolis. 
MI from M. Okamura or S. Miyama ~ JMI = Tokyo. 
MDAC from |. M. Roe =~ McDonnell Dowglas =~ St. Louis. 
U.K. from Harry ~ U.K. through CISPR. 
48 

















lL i A. -= 
é 6 q 19 i2 GHz 
Fig. | = Insertion losses of various reverberating chambers. 


2: IUN/OEM chambers. « }: Litton chamber. - 4: JMIL chamber. 


- : Harry (U.R.) chamber. 
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f (Gig) 2 “ a “ 10 2 
Q (x10"4) i 40 64 
a Q' (x1o™4) 48 5.9 $1 
é N__(x10"6) 64 12 2.1 
Z dN/df (106) 238 372 5% 
- f dN/dt (xi0™*) 190 372 643 
Q__(x10"*) 18 20. 22 
™ Q'_(x10"*) 2.4 3.7 5.0 
3 N__(x10"*) .08 1s .27 
z aN/dt (x10°) wo 67 
” f dN/dt (xi0~*) 24 46 80 
Q__(xi0"*) 18 25 46 40 
Q'_(x10"*) 15 L.8 25 L.9 LS —— 
- N_(x106) 01 08 .27 64 1.2 
z dN/df_(x10°) 1 60 14 238 372 
£ dN/df (x10"4) 3 24 80 190 372 
. Q_(xi0~*) 30 42 51 59 67 
3 Q'_(x10"4) \6 $0 68 8h 19 
= N__(x10~%) .07 53 1.8 4.2 8.4 
3 dN/df (x10°) 100 402, 904 1608 2513 
t di/dt (x10"*) 20 160 542 1268 2513 
= Q__(x10-4) 9 13 16 19 
4 Q' (x104) 1.7 ? 13 __20 
: N__(x10~*) 001 01 04 10 
: dN/dt (x10°) 2 a 20 6 
f dN/dt (x10~*) 4 3.6 12 29 
Q_(x10~4) 13 is 22 26 
Q' (xlo~4) 2 _28 heb L.0 
: §__(x10~%) 03 22 ? 1.7 
~ 4n/df (x10°) 41 163 368 655 
al £ du/dt (el0~*) 8.2 65 221 524 
~ Q__(x10"*) 13 18 22 26 29 
“ Q'_(x10~*) 1.0 2.6 3.9 3.7 3.3 
S ys ixi0*) .03 22 7 1.7 3.4 
9 dN/dt (xi0°) 61 _ 163 368 655 1023 
Zz f dN/dt (xi0~*) 8.2 65 221 $24 _1023 














all data in “ES units 
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Calibration Cycles of Field Intensity and Power Density") 


{Text } 


ABSTRACT 


Field intensity measurements, up to 400 MHz, and 
power density measurements, above 400 MHz, has become 
ratner important, due to the worldwide interest about 
tne study of electromagnetic compatibility and nonioni- 
zing radiation interactions with biological systems. 

Traditional measurement techniques are affected 
by inadequate accuracy; at best field intensity measu- 
rements are performed with an uncertainty of about + 3 
4B. 

Two international calibration cycles, on field 
intensity and power density, have been performed dur- 
ina the last two years. 


Instrumentation and measurement techniques used 
to perform these calibration cycles are described. 


INTRODUCTION 


while the mea ement accuracy of 
most electrical qu ities has shown a 
continuous improvement in the last ten 
years, for the electric and magnetic 
components of a radiofrequency electro- 
magnetic field, nowever, no significant 
amelioration has been achieved. Indeed 
these are the electrical quantities mnea- 
sured with the lowest accuracy at »ores- 
ent. 

This is due to various causes, 
@.a. the perturbations produced by tne 
measuring Gevice, i.@. the antenna, on 
the measured element, i.e. the electro- 
magietic field, and the environmental 
conditions which may be different every 
time. 

Anotner element which affects the 
overall uncertainty is the measurement 
of the antenna voltage. This measure- 
ment is generally performed at frequen- 
cies nigher than 10 KHz by special se- 
lective voltmeters (field intensity me- 
ters) whose uncertainty is about + 1 GB. 


Radiofrequency voltage measu- 
rements may be carried out with higher 
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by means of instruments 
for use in the open air, 

Recently there Nas been a Nigner 
interest in this type of measurement 
and in the development of apparatus and 
sensors which give rise to & 6&ma..er 

Leld perturbation and consequently to 
a Nigner measurement accuracy. 

This is also due to the spreading 
acknowledgment that very intense elec- 
tromagnetic nonionizing radiations can 
produce narmful effects on biological 
systems. 

in order to 
both adout the field 
wer density measurement accuracy, and 
about the uncertainty of the results 
obtained by standards laboratories, two 

international intercomparison cycles 
Have been carried out. 

Tne international intercomparison 
cycies are organized by the working 
jroup on radiofrequency quantities of 
tne CCE ("Comité Consultatif a'Electri- 
cite”, of the "Conférence Générale des 
"yids et Mesures”, in order to compare 
tne quality of the work done by natio- 
nal metrological iaboratories. At pre- 
sent abdout ten cycles in the radiofre- 
quency and microwave bands are in pro- 
aress. 

The practical arrangement of each 
cycle is committed to a “pilot laborato- 
ry” which supplies and circulates the 
“travelling standards”, among the parti- 
Cipating laboratories. Besides, the pi- 
lot laboratory collects and presents 
the results of the measurement cycle. 

The LIEN participated in the two 
above mentioned international intercom- 
parison cycles, on field intensity and 
power density. The pilot laboratories 
involved were the National Bureau of 
Standards of the United States and the 
National Measurement Laboratory of Aus- 
tralia respectively. 

The final results of these two mea- 
surement cycles are not yet Known be- 
cause the cycles are not yet completed. 
In the following sections only the mea- 
surement methods used at the LEN will 
be described and some comments about 
the results will be given. 


accuracy but 
not su'tabdle 


obtain information 
intensity and po- 


1. FIELD INTENSITY MEASUREMENT CYCLE 


To perform this measurement cycle 
a "travelling standard” has been rea- 
lized and sent to all concerned labora- 
tories by the pilot laboratory [1] . 

The NBS transfer standard consists 
of the following elements: a dipole an- 
tenna with a diode detector mounted on 
@ dielectric mast, and a direct current 
voltmeter with very high input impe- 


dance. 
This voltmeter is calibrated a- 
gainst tne direct voltage standard 


source kept by each participating labo- 
ratory. The antenna is a halfwavelength 
dipole with a nominal resonance frequen- 
cy of 100 MHz and the detector connect- 
ed directly to the antenna terminals is 
@ selected Schottky diode; its break- 
down voltage is about 70 volts to mini- 
mize the risk of damage due to static 
discharge. 

Four diodes were supplied and 
measurements were 
each of them. 

Antenna and vo.tmeter are connect- 
ed by a special bipolar cable about 3 m 
long; its leads are mace of carbon-load- 
ed teflon and its \inear resistance is 
about 35 kQ/m. 

This special conductor, used to re- 
Guce the perturbations on the electro- 
magnetic field, is foliowed by a normal 
dipolar shielded cable about 9 m long. 
The voltmeter includes an operational 
amplifier with input impedance of 200 He 


the 
to be repeated for 


ana a four-digit dispiay; it is suppli- 
ed by a battery. 
The measurement procedure is the 


following. 
Before each measurement series it 


is recommenced to calibrate the voltme- 
ter against the direct voltage standard 
with an uncertainty less than 0.2%. 

A wide open-air space without ob- 
Stacles is required and an electromagne- 
tic field at 100 MHz must be generated. 
The distance between the transmitting 
antenna anc the receiving antenna (the 
travelling standard) must be at least Sc 

anc the heignt of the latter one must 
be about 2.5 m above the ground. It is 
necessary *o verify, by small vertical 
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movements, 
ia in 


that the receiving antenna 
a zone of maximum field, 

Tne electromagnetic field intensi- 
ty Must De adjusted so as to read 100 + 


S mV on tne "transfer standard" voltme- 
ter. Then the “transfer standard” anten- 
na is replaced by the local standard 


antenna and the electric field is measu- 
red uSing a calibrated field intensity 
meter connected to tne antenna by a 
normal snielded cable. 

The measurements by both antennas 
must be repeated many times (at least 
in two Gdifferent days) and it is neces- 
Sary to cNange the measurement condi- 
tions, for example the transmitting- 
receiving antenna distance and the 
diode of the "transfer standard". 

At last the local laboratory must 
send tne measured values to the pilot 
laboratory, with information on the mea- 
Surement conditions, for example the 
ground type and the weather conditions. 

The measurements at the IEN were 
carried out on the new headquarters 
placed in Turin, Strada delle Cacce 91, 
in May 1977, with a field intensity of 
about 0.1 V/m. Obviously, nothing may 
be said on the evaluation of accuracy 
and on the agreement with the other 
laboratories, before the cycle is fi- 
nisnead. However, the uncertainty of 
this particular electromagnetic field 
Standard, realized at [EN with the expe- 
rimental conditions reported above, can 
de estimated about + 1.5 GB. 

This figure stems from 

ing cons.Gerations: 

- tne uncertainty of the field-strength 

meter, calidrated against a known r.f. 

source, was about + 0.5 4B; 

- the coaxial cable attenuation was nea- 
surec with an uncertainty of + 0.2 dB; 

- the tnree terms, that combine to make 
tne local nalf-wavelength dipole coef- 


the follow- 


ficient, are the effective height 

‘A/%>, the mismatch between 72 onm 
antenna and 50 onm cabie 1.7 @B), 
anc the conversion to open circuit 
voltage 6 48 The uncertainty of 


coefficient depends nain- 
impedance which may 


the antenna 
iy on tne Gi 


poie 
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be different from 72 onm. In the 
worst case, taking into account the 
test set-up used, the error should 
not be greater than 0.5 48; 

= nothing can be said about the pertur- 
bations on the electromagnetic field 
produced by the coaxial cable employ~- 


ed. 
The other participating laborato- 
ries were: 
FTZ «= Fernmelde Technisches Zentralamt 
(West Germany ) 
NML = National Measurements Laboratory 
(Australia) 
BRH = Bureau of Radiological Health 
(U.S.A.) 
NPL = National Physical Laboratory 
(U.K.) 
RIND = Research Institute of National 
Defence 
( Sweden ) 


2. POWER DENSITY MEASUREMENT CYCLE 


The CCE, having decided to orsa- 
nize a power density measurement cycle, 
chose the frequency of 2.45 GHz, bde- 
cause this value is reserved for indu- 


str.el uses and there are many applica- 
tions with considerable power. More- 
over, simple power density meters are 


available on the market for controlling 
the radiation level in the environment. 


Several countries accept a standard 
that admits as tolerable a level of 10 
mw/om , though with variations to ac- 


count for the exposure time. The.efore 
the CCE suggested to adopt this referen- 
ce level and to use commercial instru- 
ments, in order to investigate if they 
are suitable to secure an adequate iev- 
el control of the electromagnetic radia- 
tion. 


For this measurement cycle, the 
pilot laboratory supplied a set of com- 
mercial power density meters, which 
were the “travelling standard” for the 
other laboratories. 

The measurement methoc is dif- 
ferent from the previous one, bdecause 


in this case each laboratory measures a 
calculated field by the same instrumen- 


tation rather th compare its own in- 
struments witn tne “travelling stan- 
dara”. 











Tne main difficulty is tne 
impossibility to generate a plane 
wave in tne laboratory. It is Known 
tnat only approacning this condition it 
{8 possidle to calculate the power den- 
sity in the measurement site from the 
power delivered by the generator, with 
Satisfactery approximation. Gocd re- 
sults would be odtained if one operates 
in tne open space and over long dis- 


practi- 


Cal 


with respect to the wavelength 
used) in order to reduce the pertur- 
bative effects produced by obstacles, 
including the ground. 
This procedure 
cal and very expensive, 
garcding tne generator, 
high power densities are required, 


tances 


is rather unpracti- 

especially re- 
when relatively 
as 


in this Situation. Then one must accept 
the solution to operate in anechoic 
chambers, where, by studying the geome- 


try and using absorbing material appro- 


priately, a useful measurement zone, 
generally called “quiet zone", is ob- 
tained, in which the electromagnetic 


field is analitically computable. 

More or less elaborate procedures 
nave been perfected in all participa- 
ting laboratories and these allow to 
generate a known electromagnetic field 
in tne "“guiet zone", with an uncertain- 
ty of + 1 @B [2,3]. The procedure 

adopted by the IEN is not particularis 
sopnisticated, since it requires only 
commercial instrumentation, and allows 
to obtain calibrations at 2.45 GHz with 
a power density level of 10 mwW/cm , 
operating over a transmitter-receiver 
distance of about 4 m and with a 150 Ww 
generator. The uncertainty achieved is 
about + 1.5 d@B in a zone of 0.5 m 
diameter approximately. 
Figure 1 shows the instrumentation 

The 2.45 GHz radiofrequency po- 
wer, generated by a magnetron, is radia- 
ted by a “standard horn” into the ane- 
cnoic cnamber, anc the power density 5S 
of the electromagnetic field is: 


usec. 





(1) S a. ‘d— @) 
4a 4 

where G is the antenna gain, P the 

power supplied to the antenna, d the 


transmitting-receiving antenna distan- 
ce. Obviously (1) is only exact in 
ideal propagation conditions. The mea- 
Suring set, consisting of the power me- 
ters A and 8, and the double direction- 
al coupler C, is used to determine the 
actual power radiated by the antenna P 
»= P. «= Pa with P. «= power supplied by 
the generator, P. = power reflected by 
the antenna. The instrument under cali- 
Dration is represented on the right 
Side of figure 1. The probe of the 
power density meter is mounted on a car- 
riage and can be moved inside the ane- 
cnoic chamber. 

The analogic output of the power 
Gensity meter is sent to the y axis of 
a xy recorder, whereas a position 
transcucer supplies the x axis with a 
Signal cirectly proportional to the 
transmitting-receiving antenna distan- 
ce. The power density curve (versus an- 


tenna position) recorded along the lon- 
gitudinal axis of the chamber, allows 
to evaluate the VSWR (at least in this 
direction) and then to estimate the 
field uniformity. Moreover, from the re- 
cording it is possible to derive by 
Statistical methods a corrected power 
density value R and then the calibra- 
tion factor K of the instrument: 


(2) K= S/R 


The main error in the K evaluation is 
due to R, since the uncertainty in the 
P,G and d determination is lower. Cer- 
tainly other causes of error exist, for 
example the influence of induction 
field components, but in this case they 
do not contribute significantly. 

The K-factor is the result that 
each participating laboratory in the cy- 
cle sends to the pilot laboratory toge- 


ther with the general test conditions. 
Also in this case the final data of the 
measurement cycle are not yet avail- 
able, but it is possible to estimate 
that the commercial instrumentation can 
be calibrated with an uncertainty of + 
2 4B. 

A more cGetailed error budget is 
being considerec end is expected to be 
calculated before the end of the cycle. 
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The other participating laborato- 


ries were: 
BRH - Bureau of Radiological Health 
(U.S.A.) 
NBS - National Bureau of Standards 
(U.S.A. ) 
NPL = National Physical Laboratory 
(U.K.) 
RIND = Research Institute of National 
Defence 
( Sweden ) 
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—| 245 GH: > \V\V\/\ = ee 
Generator 
Fig. 1 = Schematic diagram of the experimental set-up for power density meter 


Calibration. 
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Radiation Measurement Site Suitability 


Milan ALTA FREQUENZA in English Mar-Apr 80 pp 163-171 
ABSTRACT 


Procedures to assess the test site ‘uitability for radiation 
measurements are considered and discussed with special care to 
the IEC standard j-metre method. 


[Text ] 


The so called “calibration curves” are given for the frequen 
cy range from 30 to 1000 MHz in term: of “site attenuation” and 
“calculated field intensity”. 
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INTRODUCTION 


All aifferent methods of measurement of 
radiation from electrical appliances re- 
tuire to Operate in open air on a suitable 

ita, free from reflections. 

TSC and CISPR Publications and other 
Jtandards recommend a site flat and free 
from reflecting objects on an area the di- 
mensions of which depend on the standard 
distance lying between the radiating appli 
ance under test and the receiving antenna. 

However, in practice, it is very diffi- 
cult to avoid reflections because reflect- 
ing obsects, like walls, trees and so on, 
even at distances greater than those re- 
commer.ded by Standards, can influence the 
results. In order to establish whether a 
Site can be used or not for radiation mea- 
surements, some tests should be carried 
out and the most used one is to compare 
the experimental results with the theoreti 
cal ones. In other words, if the experimen 
tal results do not differ more than a cer- 
tain amount ‘e.g. 3 dB) from the values 
calculated for the ideal conditions of pro 
pagation and ground reflection, the site 
18 considered cuitable for radiation mea- 
surements. 


1, SITES SUITABILITY 


The Suitability of the site should be 
checced with the standard set-up recommend 
ed for radiation measurements but replacing 
the radiating appliance with a radiating 
device whose characteristics are known and 
reproducible, e.gz. a transmitting dipole, 
supplied cy a known power. 

The testing set-up is then shown in 
7ig. 1, where A, is the transmitting antes 
na supplied by the standard generator 4G, 
and A, is the receiving antenna connected 
to the input of the field-strength meter 
M. 














A 
| 
h 
eS. | 
VIFF FACT IF GGT | 








Pig. 1 = Test set-up 
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Two different kinds of procedure are 
mow available, according to field or atte 
nuation calculation and measurement. 


1.1. FPield metnod 


This procedure consists 
the field at the centre of the receiving 
antenna when a given power is supplied to 
the transmitting antenna. The field is 
then measured with the field-strength me- 
ter and the calculated and measured values 
are compared. 

The field calculation is easy only in 
the ideal case of far-field conditions and 
when the influence of the soil on the im- 
pedance of the two antennas is neglected. 
In this case the field at the centre of 
the receiving antenna can be calculated as 
the vectorial sum of the fields generated 
by the transmitting antenna A, and by its 
image A} with respect to the ground ‘Pig. 


in calculating 





Pig. 2 = Measuring site geometry 


If A, is a horizontal tuned dipole in 
free space, it follows: 


VPs i Baa 
i4 
where: 


Z, is the electric field vector at the 
centre of the receiving antenna 


is the power supplied to the transmit- 
ting antenna 


B = 2m/ is the propagation constant 





i4 =e Vinynng)? + 46 ts the direct-wave path 








Taking into account the ground reflece- 


t.on, the field intensity dSecomes: +) Elsewhere, the power P. is defined as 


the available power of the receiving 
‘1.2 Se Pi q antenna [1', Thie definition leads to 
® lees vereral exoression of the atte- 
ruation A,, valid only when the receiv 
: is the field intensity in free space ing antenna is matched to the field- 


“4 
| is a coefficient to take into account strength meter (see below eq. (1.118)). 


the effect of the ground reflection; 


im whicn: 

















't may be exoreseed: 
‘*) Por a horizontally polarized plane-wave: 
1, 7) 8 tpndy -$) 
. $) > | - - 2 
1,3) Qe '+PT ° re pe? . sind- \e' cos<} 
sin&+ Ve' -cos°8 
wnere: . with 
«\/ny+ho *edo is the reflected-wave 
‘r weet ; 18x10? .o 
path ‘Sse, 1-ji—— and: 
pand@ are the megnitude and phase lag of : ey 
the ground reflection coefficient § « arctan(h,+ho)/4, is the angle of in- 
r(@), cidence 
1.2. Attenuation method f is the frequency 
This procedure is based on the following @ 18 the ground conductivity 
definition of site attenuation: t, is the relative dielectric constant 
| of the ground referred to free space 
164 Ay = Pe/Pp as unity). 
where: considering that Vo * oer, where Z; is 
the load impedance at the receiving anten- 
Ap 18 the site attenuation na terminals, it results from eq. (1.5): 
P. is the power supplied to the transmit- vy (2,,+82,,,)° 
ting antenna A f —_ e cs 
€ 1 1.6) 254 = T, = 24440244 ' 255+ Zp 1401, 


P,. is the power supplied to the input of 
the field-strength meter by the re- likewise: 
ceiving antenna A> (+) y (2. 4fZ,.,)? 


2 12 12°. 
/ 7 c— sc = 


Let the equivalent circuit diegram be 
as shown in fig. 3. 

The impedances Z,, and Z., may be de- in which Zp is the impedance of the equi- 
duced from the following equations that ap valent generator at the transmitting anten 


ply to the antenna system consisting of A,, na terminals. 


A> and their images Aj, A} [2/: Besides, it is possible to derive from 
ea. (1.5) the ratio of the induced e.m.f. 
Vq 2140444814244 04192404 P1524 0% Vo, of the receiving antenna to the cur- 
(1.5) » _¢ . . rent I, feeding the transmitting antenna: 
Ip = 1,2g448T 1294 +#T2Zo9% FIp2Z50, ' ” 
in wht ahe ‘4 8) V20 ‘2 +f2Z \f4 F255: ‘ 
ean OE BRT FMAM 20 TapaFly2 42” 
[ is the complex reflection coefficient 
of the ground; An expression for site attenuation Ap 


a | 
Z., =2Zs, 18 the mutual impedance between can now be deduced from the knowledge o- 


“* _ A; and A, antenna. oi Zoq and 2p. 














ZmM"ZomM 














Pig. 3} = Equivalent circuit diagram. 
Vgqo = @.om.f. of the signal generator 
Zg = Output impedance of the signal generator 
= characteristic impedance of the feeder connected to the generator 
24 = input impedance of the field-strength meter 
= characteristic impedance of the feeder connected to the field-strength 
meter 
Riy+)X,, = input impedance of the transmitting antenna 
Roo+i Xoo = output impedance of the receiving antenna 
e.m.f. induced at the open terminals of the receiving antenna 
Voo/I, = transfer impedance 


Referring to the circuit diagram of \i0G: VP, 
. 4 ¢ : ‘ ’ t t 
Pig. 3, in which, as asually occurs in (4.12) |v20 =hpz and E= aa 7 


practice, the output impedance 2g of the 

= e 
Signal generator and the input impedanc where h, is the effective height of the 
receiving antenna, Gy is the gain of the 


Zy of the field-strength meter are real 
C t wn the 
end matched to their own feeder, transmitting antenna ‘referred to the iso 
tropic radiator) and the other symbols are 


< 
nm 
o 
ee 








power P. is given by: 





























Ve. 2 the same as defined before. . 
(4909 rp. - |—“ Ri 4 In this case: 
{ \ 
and P. oy: (1.13) Pps 5 5 
° oq | 2 142m }2 "4 |2at * Z02| 
*r Faro | Ml ZuetZ 2y = then: 9 
| ou*4o2 it 02 P, |2.,+2 | 42 
1.10 Tl? he (1.14) Apes g rl 
° 2 An we z 30G¢h2, 2 
2g42, 3 [2+ 2Z52]° r Mi thS a 
then: Finally, if the following conditions 
2 ; , 
P, Z,+2 5) Rs are considered: 
Vel Ay =P." |2: |< Zn - the antennas are *wo horizontal half-wave 
~ dipoles: 
vhen the receiving antenna is matched (4.958) he =\/n 6. =1.64 
to the field-strength meter, the expres ° 


sion (1.11) becomes: - the heights of the dipoles above ground 
Roo R as well as the distance 4, are great e- 
BE mough so that the contribution of mutual 


If the distance between antennas is 
great enough ‘at least one wavelength) so 
that the far-field conditions can be con- 
sidered, then the following expressions 
apply: 





‘¥.11a) A =4 
2 


impedances Z,; (with i#j) can be ne- 
glected and the equations (1.6) and (1.7) 


give the impedances in free-space condi 
tions: 














1415b 2 
oy 50 


- the transmitting and receiving antennas 
are matched to the signal generator 


and the field-strength meter respective- 
ly 


1.150) 24482, 50 @ Any 


- the dipoles are self-resonant: 


(1.15d) Ry 4 = Roo: 73.2 Q Ky =X,520 


the expression (1.14) becomes: (+) 


2m, 2 
( ao md? a. 
1.16 Ap 30x1.64 Aq 


In practice it is more convenient to 
measure voltages rather than the powers Py 
and Py; SO, it iS possible to give another 


definition of site attenuation based ona 
substitution method: 


(9.97) ve wh. 
Ay . "b0/ "Go 


where: 
AY is the site attenuation 
V0 is the signal generator e.m.f. fora 


convenient deflection Vy on the 
field-strength meter when the anten 


nas are arranged according to the 
test set-up of Fig. 1 


50 is the signal generator e.m.f. for 
the same deflection Vy when the con 
nections A=A', BeB' of Fig, 3 are 

connected directly together, exclud 

ing the antennas. 


In this way one takes also into account 
the losses of the feeders and of matching 


taxing into account the ground reflec 


tion effect (coeff, a) and considering 
that the two antennas are half-wave 
dipoles (G, =G,=1.64), 


vs 2,42 


2.42 
(4.18) Ay = = alent 22 | 3” ul 


rs 


In far-field conditions where relations 
(1.12) apply: 


64419) by a eal |2,*2, ,| a 
| VRi4 VG hed 


Pinally, considering conditions (1.15)» 
the expression (1,19) becomes: 


Qtr 
73.2 / d, 
(1,20) Ay = \30xt.64 ha 


Comparing eq. (1.16) with (1.20) if fol 
lows: 


(1.21) A, = A 








Zg + Zy 


i.e. the two site attenuations are equal 
when expressei in 43. 

It should be pointed out that also ex- 
pressions (1.11) and (1.18) satisfy eq. 
(1,21) when the matching conditions (1.15¢) 
occur and the signal generator and field- 
strength meter have the same impedance 
(2g =Zy22.): in this case it follows: 

2 
2 A2 = (2 Zo/|2q|)° - 


(1.22) Ay 


Remarks on the use of site attenua- 
tion formulae 


1.36 


( 6) or (1.20) is 
When expression (1.1 | 
used, no problem arises about matching an 


pads and baluns, if any, since they are 
present during both measurements. Moreover, 
a correct calibration of the field-strengta 
meter is not reyuired. According to this 
new definition, an expression for site at 
tenuation A, can be deduced from the cir- 
Cuit diagram of Pig. 3} in a way similar to 
that followed above: 


tennas to their feeder, because it was 4& 
sumed thet antennas have 4 real and —_— 
stant impedance against *he rte 7 er ° 
g. 73.2 2). When expression 4.11) or 
(7.18) is used, the actuai calculatec im- 
pedances of transmitting and receiving an 
tennas ave to be taken into account. _ 
The most logical situation to be con 
sidered snould be that in which each <A 
tenna is correctly matched to the aoe 
tor and the field-strength meter yt 
vely so that conditions Hels ig Pon 
isfied. In this case, not only re = ao 
G.6..4°/( e (4.11a) applies to calculate the sive : 
vere / oma tenuation A., but direct measurements 





+) The same expression can be obtained 
from the formula giving the received 
power in free-space [12) 
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power are avoided, cecsuse P, and P, be= 
joe "he 4VGil able power of the eeneratoer 
P,=%5, 484 and of the receiving anten= 
ha Pps 5. 88.5275 5, Pespectively and 
2an ce "@48i.y séasired, 

APiPtuneteLy, Rie @ituation sould se 
Sear ingeese 18 PRaAGticoe, because it if 
Biles *0 uS@ 4h URPe@listic Batenhing trang 
Sommer, *Aich |a¢ each measuring frequency 
should te set for correct compensation of 
the ig@dinary part of the antenna ispedag 
9@ and correct gatening of the Pea. par* 
to the feeder impedance @.€. "0 ©. 

‘® the OOn*Pary, more Peaiiati? opera- 
ting donditione may ce the Poa.owing! 


‘ Both antennas are tuned aceording to 
the @anu*acturer instructions. In thie 
case the antenna length is lees thar 
A 2 and it can be supposed that the 
imaginary part of its free-space inpe~ 
dance vanishes. The sutual iapedance 

and antenna ispedances 2., and t.5 
should be calculated by geans of com- 
plicated formulae valid for L#A/2? °3). 


The length of the two antennas is set 
exactly equal to A/2. In thie case su- 
‘ual ispedances can be calculated 
through simpler formulae [4), but the 
imaginary part of the impedances Te 
and 2,5 could be compensated oy usire 
Suitab.e gatching stubs at the antenna 
terminals. This situation corresponds 
to put in formula (1.11) or ‘1.18 &,, 
and R., instead of 2., and 2., respec- 
tively. In both cases, moreover, ideal 
baluns having 4 ':' Patio are consi- 
jered. 


ii 


THE SUITABILI‘ 
ZEASUREMENT Sit 


The procedure *o check the suitability 
of the radiation measurement site is ie- 
seribed in Section Six of IBC Publication 
106 °S°, In this case the field method was 
chosen, giving the available power against 
the frequency for a constant field inten- 
sity of 100 uV/a. 

The radiating antenna .s the same s*tar- 
dard antenna to be connected to the re- 
ceiver under test, that is a dipole of 
fized length (1.5 @ for the f: quency ran- 
@e 30 to 300 MM2 and 0.) = for the freques 
cy range 300 to 1000 ZHe : owing to the 
fact that the dipole is not gatched *> the 


2. 2? THE TSC RADIATION 
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standard generator, some iiffioulties a= 
rose in oaloulating the 4vailadle power, 


Besides, it Should be kept in Bind that 


the IBC curve for the frequeney range 50 
to JOC MMe was given taking into account 
not only the theoretical curve but 4.680 
the experimental resulte obtained in Italy 
and United Kingdom at that time (6), where 
as the curve for the *resuercy pange 300 


to 1000 wha was sere. 


*etical. In beth 


oases, the theoreticoa. va -°8 were calcula 
ted by means of the fo lowing formula [40! 


(2a! 


P= Pi, a0 


where! 


P 


PP, is 


the available power of the generator 


the power required ty a tuned dipole 
to give a field Be ‘00 u¥/m at the cep 
tre of the receiving antenna, *hoee 

height hae been set for morvimum reading 


ie the Siematen ioss due *o the trans- 
mitting antenna .a@pedance, ii fferen* 
from j00 ¢ 


ie the @ain of the tranemitting antenna 


of fixed length with respect to a half- 
wave dipole. 


The power P, was calculated through the 
formulae 1.'°, ‘'.2) and “'.3>, in which 
P. :8 replaced by P, and she factor q takes 
*he simple expression: 


' 202) a= 1444/4, 


because a setal wire sesh on the eround ia 
recommerded scil reflection assumed ‘coc te 
ideal: p=', @= Wand only the heights hp 
€iving Baxisu® readings are consi tered 
(Plap-dg) = (Qnetw, 

Tt should be noted that the theoretical 
results are correct only for far-field con 
ditions, that is when the distance dq be- 
‘ween antennas is more than one wavelength. 
Since in "SC method the jistance 44 is a- 
bout 3} a, the far-field conditions are cer 
*ainly satisfied in the frequency range 
yOC to 1000 He. 

Nevertheless, measurements performed by 
tne Home Office (7 on different sites in 
London and its surroundings have given re- 
sults in disagreement with the IEC curves, 
especially in the frequency range above 
300 MHe, where the simplified theory ough? 











to be in better a@reement with the aetua. 
Situation, 

The discrepancies between experimental 
and theoretioal results gay be due to se=- 
veral reasons; the most important among 
them are the following! 


= from the experigental side: 


4 the untuned antenna ean have an igped- 
anoe very different from that given by 
the theory, especially a6 far as the ig 
aginary component is concerned; 


6) the balun Gan introduce stray reactive 
components) 


¢ the balanced feeder connecting the gen- 
erator tc the untuned dipole can radiate, 
€iving spurious field components; 


from the theoreticai side: 


a the effect of the Soil and receiving a5 
tenna is not taken into account in oa@i- 
culating the igpedance of the tranemit- 
ting antenna and then the available 
power: 


@ the field intensity is calcu.ated at 
the centre of the receiving antenna and 
supposed constant along it: 


the field intensity is supposed linear- 
ly decreasing with the distance: 


@ the formula used to calculate the field 
intensity is valid only for far-field 
conditions; 


ae 


h no indication is given about which an- 
tenna height has to be considered: when 


moving the receiving antenna in the ran 


ee from ' to 4 mp above the ground sev- 
eral maxiga of the reading occur. 





Analy@ing the above listed reasons, the 
following conclusions can be drawn in or- 
der *o improve the resulte: 


= the consequences due to the reasons 4 
and oc can be avoided by using a tuned 
dipole a6 4 tranemitting antenna and «4 
screened coaxial cable instead of + 
balanced feeder; 





- pointe 4 to @ are of :nterest only at 
lower frequencies, when the far-field 
Situation does not yet occur. 
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o's A PLPSt@OPPPORLSAtiONn SOLutian sid- 
plified metned 


The above feason 4 if the S08% Prespon= 
Sidie for errorée if O@ieulating the site 
supves, decause the Pelatione giving the 
impedance of an untuned iipole are very 
sompiicated, If Simpler relations are used, 
WRLGR 40 nOt tage inte account the diameter- 
*o=length patie of the antenna, very dif. 
ferent results @ay Se odtained iA @@leu.4= 
tine the antenna impedance and then the 
site curves, An example for the frequency 
range )00 to 1000 He is given in Fie. 4, 
where the oalevulated impedance rea. and 
\eadinary part of the i80 standard dipole 
of fimwed length ©.3 & i8 Shown: very 
ereat iifferences are found using 4differer* 
eraphs and formulee, especially at higher 
frequencies °7,8,%,'0O.. The respective site 
curves are shown in "ie. 5, waere the IEC 
curve of Pub. 'O6 is also drawn for compa- 
rison “$', 


o— . 7 
; | 











Pig. 4 = Calculated impedance rea. and ig 
aginary par* of an untuned ii- 
pole, according to 4ifferent *heo 


ries 
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go ~ . . - . - : in this way i.¢, With @ tuned transmit 
. | ting dipole the uncertainty due to the a= 

ssiow) — &¢ net 10) | pewe indicated reasen a ean be avoided 
TY ove » (a) | @nd the available power P at the output of 
— : = (‘the Standard generator is given by the fo} 


lowing formula! 
(2e) P e P, 4, 


oo me tty is the Loss of the feeder and 
:- 


ve the uncertainty due to the reason ¢ 
oan be avoided by using 4 well seoreened o9 
axial feeder having the same ispedance 4s 
‘the standard generator, and a tuned dipole 
| With @n unbalanced input, like those com- 
oC i. - , @ONiy supplied together with the field-~ 
0 400 oO 80800800 600 «800s 1000 Strength eters, 

1 (Mea) Purthermore, to avoid uncertainties due 
to reasone @ tog, the far-field condi- 
tions should be satisfied, That seane to 
Limit the lower end of the frequency ran- 
€@ to about 50-100 UHe, as already sen- 
tioned. The above described oriteria have 
been considered by Yorking Group ' 
tion and Immunity Measurements of the ne the 
Sub<Committee '2A ‘Receiving Equipment’ 
revising Section Six « Radiation Seeawse> 
merit Site = of the present Pub. 106. In 
order to introduce a further siaplifica- 
Si0nm in checking the site Suitability, *he 
Site attenuation was adopted and defined 
according to relation 1.4) or (1.17), 
which in thie case take the expressions 
4.16) and (1,20 respectively. 

















Pig. * = Site curves corresponding to the 
different cases of Pig. 4, compa 
red with If¢ curve 


The curves of Pig, 5 can very well ex- 
plain why different theoretical results 
a6 well as discrepancies with the experi- 
mental ones were found. 

A firet step to simplify the site curve 
calculation and to reduce the discrepan- 
c1es between Calculated and seasured values 
ts taxen by using 4 tuned transmitting fi- 
pole, a8 already mentioned. 

Th this case, the antenna impedance can 
be assumed independent of the frequency 

and equal to about 7} ©. The power P. re- 
quired to generate a field intensity “of 
100 uV/m i@ approximately constant and ve 
ry close to 30 4B/pt). 

A more exact value of P. can be calcu- 
lated taking into account the height of 
the receiving anteana for saxigumz reading. 

The power P. at ‘he ‘transmitting antep 
na terminals ‘8 then given by formuise 
‘a.%), (9.2) and (2.2) and plotted in Pig. 
6 as a function of the receiving antenna 


The curve of Pig. 6 shows that a sini- 
mum value of P. is required when the saxj 
mum reading occurs at a height hp of about 
3.6 & ‘the height hy of the tranemitting 
dipole being 4 @ , whereas the saxisus 
power P. is required when ho=' &. Never- 
theless, the difference between the saxi- 
mus and Sini@um values is about ' 43 only. 




















Pie. 6 = Available power at the tuned trang 
mitting dipole ‘terminalis to pro- 
duce a field of ‘OO u/s 
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The Site attenuation A is then @iven in 
i} ae a function of the frequency in the 36 
range 8C te 1000 tha Pig. 7’, for a spe= 
ified ReL@ht Ae Of the Peeeiving antenna aA 
Pid. © Corresponding te @ Baxi@um Pead= (g@) 
iné on the field=-strength meter ('2., 30 

Sinee the frequency Prange starts fros 
SO MMe, it ean de Considered that far-field 
conditions are satisfied, 

Nevertheless, it should be pointed out Le 
that if practice the Prange imitation te 
SC WMa does not restrict the use of tne 
method, because *he Sinimum® radiation frg 
juency from TV and "2 receivers generaiiy 20 
falie above ®? Mia for standard 7’ i.f.'s 
f 33.4 and 38.9 SMe and for supradyne 72 
rece.vers . 






























’ 
2,2, A Se0ond-approximation selution My ° 


"sa. iepedance setnod 


To amerove furthermore the accuracy 3° t (MMe) 
the Site attenuation @aleuiation, *he in- 
fluence of the 6011 a6 well as the ieflu= Pig, 7 = Theoretioal site attenuation cur~« 


gittinge antenna impedance should be taxen ma heient of Pig. & 
inte account. 

Prom the theoretical point of view, when 4 
the Sutual impedances between the tranemi; | | 
tine and receiving antennas and between 
each antenna and its image with respect *o (m) N 
the ground are considered, the induced e. 3 
e.f. in the receiving antenna oan te idi- 
rectiy c@icuiated through the Sutua: is 
jance of the System c,, given ty Bg. ‘'.5, 
regardless of far- or near-field conds- 2 
tiens. 

Therefore, formulae §*.1! and ‘*.°8 
have no restriction #ith regard to the frg 
quency and oan apply t> calculate the site 1 
attenuation down to 30 MHe. 


Moreover, both antennas say be tuned or 
untuned, but they should have the same 8i- fe) 











— 























se length and diameter for the sake of 60 100 200 500 1000 
simplicity in calculating the sutual ispe- f (M2) 
dances. 

in far-field conditions and when both Pig, § ~ Theoretical antenna height for 
antennas are not too close *o the ground, maximus reading on the seter 


the results of the sutual ispedance sethod 
and those of the simplified method differ 
by a @mall amount ‘1 |,13). 

Of course, the two sethods become equi- 
valent in free-space and far-field condi- 
tions. 
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2A Seita2 
sONSLL SiONs 


if farefield cenditions about 80 te 
‘OOC Be the Site attenuation curve ean 
be 88. 0uLated ty seans of formula ','¢ 
or ',20 and the eurve of Pig. * oan be 
2eneidered acceptatie, 

Veverthe.es8, an Leprovement ean be in- 
troduced ooneidering that the influence of 
the $01. On the antenna iepedance, and ther 
‘he @Frror if O@l@ulating the site 4ttenua- 
tion, 18 Pedueed when the antennae are ae 
far a8 possibile from the ground, 

Por thie reason it Say te suegested to 
seep *he tranemitting antenna 4t Ah, e486 
and *o consider, for example, the +. ree 
Saxi@u® reading below 4 @, inetead of the 
firet one above ' #, 


Purtnerpore, the aifference cetween the 
nignes* and lowest values of the site at- 
tenuation, oCCurPing when the receiving ag 
tennma is soved up and down through ite 
whole search range, is iess than ' 43, as 
it oan be deduced from the curve of Pig.6: 
therefore the site attenuation curve oan 
be given regardless cf the position of the 
receiving antenna. 

Tn fact, the curve of Pie. 7 can be re- 
placed by two straight lines Pie. 2 , OoF 
responding *o *he highest and Lowest atte- 
muation values. The equations of these 
lanes are derived from ea. §'.16) or 1.20) 
for h, =! @ and 3.615 &, which are the va- 
Lwes giving the highest and lowest attenua 
*.0nm respectively, according to the curve 
of Pag. 6. 

Taking into account eq. 2.2) and intrg 
ducing the frequency £ instead of the wave 


Length A in ea. §'.16) or '1,20) it fol- 
lowe: 
ye A’48 = 20lo@ f =24.37 ‘lowest value 


A’ 48 «= 2Cloe f <-24.95 highest value) 


where the frecuency is expressed in XHz 
ana the attenuation is given in 43. In this 
way, the site is coneidered satisfactory 
for radiation seasurements when the sea- 
sured attenuation, regardless of the height 
of the receiving antenna, falls bcetweer 
the ‘wo lines, with a tolerance of » 3 48 
as svecified in IEC Publication 106. 


The attenuation curve calculated Sy gu- 


tual ispedance method according *°o eq. 
‘9.98 and the above specified conditions 


ii «48 Plotted in Fig, ¥ for comparison, 

TRie Curve ia split up inte five parte 
corresponding to different orders of the 

SANi@us Peading, 48 Shown in Pid. », where 
h indicates the Ath Saxi@um@ abeve ground, 
Jonsequentiy, the receiving antenne helent 
should be set in the following ranges, 46 


indicated in Tavle I, for mamigum reading. 








TABLZ I 
hy & f ‘eMe fi 
206 = 2,24 8 = 140 2 
3.60 = 1,98 140 = 256 j 
3,80 = 2,° 240 = 410 & 
4,00 = 2,'5 410 = 686 ) 
4,00 = 2,46 68¢ = 1000 ‘) 

















AS it i8 Shown in Tig. >, the differ« 
ence between the curves calecilated by the 
sisplified and sutual impedance sethods is 
very @mali, less than ' 43, except for 4 
few points, whieh fail outside the two 
straight lines. Nevertheless, the iiffer- 
ence can be considered small ith respect 
to the u@ua@l accuracy of *he radiation 
seasuremerts. 

In near-field conditions seiow about 
80 ZHe, the site attenuation can be cal- 
culated only ty gseans of eq. ‘'.1! oF 
‘4.98. The curve plotted in Pie. § for 
the frequency range 30 -§O Me was calcu- 
iated with reference to eq. '.18 and cop 
ditions i: , in the same way as the curve 
for frequencies above 80 MMe, and compared 
with the adsacent straight line obtained 
from eq. 1.20 for far-field conditions. 

The receiving antenna height ho varies 
frome 4 to 1.8 & in the frequency range 42 
to 80 MMe, im which only the first mam- 
Sum above ground exists ‘n=! . At frequep 
c1e@ celow 42 "Hz, the maximum reading os 
cure for ho e@reater than 4 = asd then it 
camnot be reached in practice. Therefore, 
in this range the curve was calculated for 
a fimed height ho = 4 a. 

AS sentioned atevr, only eq. '.°8 
lating to the Site attenuation A, was used, 
because it is sore convenient in practice 
t0 weasure voltages rather thar powers. 
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10 = £4,118) 
+ €0.(120) 
ae 80 140 280410 680 
0 ! “n p=" i i i i i 
%0 50 100 200. 300 400 SCO fiMHz) 1000 


"ig. 9 = comparison between site attenuation curves calculated by simpl) 
f.ed se*hod and ty gutual iepedance sethod 


Moreover, only conditions i: were consi- pserpepences 
dered and the mutual ispedences were 2ai- 

culated for infinitesigaily thin antenna 

> . 


40. ft. 7. Kewana and S$. Miyajiga: Theoretical 

At the TIEN investigations are in pro- investigations of site attenuation by 
ereee to calculate the attenuation curve means of sutual impedance between an- 
also in conditions i: , closer to the rea. tennas. jrd Symposium and Technical fg 


measurement conditions, in order to jeter hibition on Electromagnetic Compatibi- 
@ine the influence of the diameter and lity, Rotterdam, May ‘<3, 1979, 


length of the antennas on the results. 
fa? * 
Moreover an experimental investigation 2, 5. Ude and Y. — ae antes 
will be carried out in the frequency ran- ma. Maruzen Co. Ltd., 1954. 


ge 30-90 MHz to compare the theoretical 1 9 
values with the results obtained by using (3) J.D. Kraus: Antennas. YcGraw-Hill Book 


non-standard dipoles, like those usually 300, Ente, 1990, p. 260. 
Supplied together with the field-strength ... 
meters available on the market. U4] Jo. Kraus: op. Cit., p. 805. 


S$) 1.8.C. Publication 106, 1974. 
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